Section 6. Technology

6.1 Introduction

The National Monitoring Strategy seeks to provide the direction for an ambient
air monitoring network that can be more responsive to current and future needs of the
network. This section focuses on areas of the ambient air monitoring program that are
ripe for investment in new technologies. To provide input on the areas of technology that
should be considered and how they might best be implemented, an ad-hoc workgroup of
SLT and EPA representatives was formed. Thisworkgroup met in a series of
teleconference calls followed by a 3 day face-to-face meeting in October 2001. Areas
considered include all hardware and software used in the monitoring, calibration,
logging, transfer, storage, validation, and reporting of ambient air data. Through this
process, three specific areas of technology were identified as most pressing for
technology investment:

PM continuous monitoring;

data transfer and access of ambient monitoring data; and

tools and training that support real-time or near-real-time public reporting
of data.

There are many other technology needs within the ambient air monitoring
programs, such as ozone QA optimization, use of web camera technologies, and toxics
monitoring. These needs should also be considered; however, each has its own specia
set of issues. Theseissueswill be discussed in this section and other sections of this
document. For example, 0zone QA optimization is aso addressed in the QA section of
the Strategy.

For each of these investments to be successful, not only is afinancial
commitment necessary, but also a dedicated approach of eliminating barriers to
technology investment. For example, in order to invest in PM continuous monitoring,
there needs to be a regulatory mechanism to allow for substitution of some of the FRMs
with continuous monitors. Also, there may be provisions in the current regulations and
guidance that are preventing the implementation of some of these technologies.
Therefore, the following recommendations are made as mechanisms to accommodate the
investment of these new technologies:

support for a hybrid network of PM monitors that provides for a substantia
divestment of filter-based monitoring and investment in continuous monitoring;

athorough examination of 0zone monitoring quality assurance that would result
in recommendations leading to greater efficiency in ozone monitoring QA;

an examination of available telemetry systems to optimize data access and
transfer;
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support for investment in data management systems at the state and local agency
level that could lead to more efficient processing of data; and

accommaodation for each of these areas to be included in the grant process so that
available grant monies can be used for these investments.

While the recommendations above may go along way towards fostering
implementation of appropriate technology investment, the list cannot comprehensively
address every need in the immediate future or longer term. SLT’s, dlong with EPA,
should continue to define areas that are best suited for technology investment.

6.2 Background - State of Technology in Ambient Air Monitoring

The technologies used in the ambient air monitoring program cover al hardware
and software used in the measurement, calibration, logging, transfer, storage, validation,
and reporting of data. Figure 6-1 illustrates the flow of datafrom where it is produced to
where it ends up being reported. Many of the areas identified are already using state of
the art technologies. For instance, much of the gaseous criteria pollutants are measured
using continuous monitors with automated features for calibration and data output.
However, other areas, such as data transfer, are relying on technologies that may be
outdated. In some cases atechnology may be somewhat antiquated; however, because it
is operating smoothly and satisfying the needs of the data users, it may not be an
opportune areafor investment.

Figure 6.1. Data flow in Ambient
Air Monitoring Systems

Data
Validation

Calibration
System

Reportin
Data P J
Telemetry Storage

Data System

Logger,
Monitors

Table 6-1 breaks down an ambient air monitoring program into individual
technology elements, summarizes the state of technology used in atypical ambient air
monitoring program, providesinitial recommendations for each technology element, and
provides a qualitative assessment of the need for investment in each element.
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Table6.1. Data Flow in Ambient Air Monitoring Systems

Technology Element State of Technologies used in Recommendations Need for new
typical Ambient Monitoring I nvestment
Program

Gaseous criteria Continuous May need to work towards low

monitoring (O3, CO, lower detection limits. See

NO2, SO2) methods section

Gaseous criteria Mixed - Everything from fully Move dl agenciestowards medium

cdibration systems automated to manual fully automated systems

PM monitoring Modtly filter based Develop hybrid network of high - for

continuous and filter based continuous
monitoring to reduce monitoring
dependency on filter

network and optimize

resources

Data Loggers Vaiedy of loggersin use from Focus on desired medium
onesimplemented in the ‘80's performance capabilities,
to on-site PC's acting as data and compatibility with
loggers cdibration and telemetry

sysems.

Tdemelry sysems Everything from low baud Focus on performance high
modems used on standard needs of moving low
telephone lines to satellite, interval data very quickly
cable modem, DSL and other to support red time
high speed internet systems. reporting and other data

uses. Choose most
optima tlemetry system
depending on availability
in area of monitoring.

Data Storage Large variety of data storage No specific medium -
procedures from State to recommendations depends on
State; including storage on agency.
PC’s, network servers, and Diminishing
mainframes. cost of storage

may beripe
for
optimization

Data Vdidation Variety of vaidation Work towards use of medium -
proceduresin use. Some systems with automated depends on
agencies rely on complete screening. agency
manua vaidation, others use
combination of automated
screening and manud
vaidation.

Reporting Most agencies have somewhat Emphasize public medium -
automated reporting systems reporting of data beyond depends on
for their continuous ozone. Automate AQS agency
monitoring data reporting features.
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6.3 Areasof Investment

This section identifies each specific area of investment for the ambient air
monitoring program. Any one air monitoring program may or may not already have
invested in these areas. These areas have been identified due to either the heavy burden
of aready doing the work or because they are areas that data users have identified as
being needed.

6.3.1 Monitoring

In generd, continuous methods should be emphasized over manual methods.
Thisisimportant for several reasons. On the resource side, continuous instruments are
usually much less resource intensive to operate, provide more useful data for assessment
of air quality throughout a day, have a higher sample frequency, provide for greater
precision due to reduced human intervention, are easier to automate with respect to data
delivery, and their data are easier to validate. On the information side, continuous data
allow for real-time feedback to the public, as opposed to waiting days or weeks until
filters are processed in alaboratory. The descriptions below provide the specific
monitoring areas of investment being considered in this strategy.

6.3.1.1 PM Continuous M ethods

A strong push for PM continuous methods is a mgjor component of the Strategy.
EPA has devel oped an ambitious continuous monitoring implementation plan that was
borne out of requests from state and local agencies (specifically through SAMWG) and
from the CASAC subcommittee on PM monitoring. Attachment 6.1 provides the
continuous monitoring implementation plan, which is summarized below. Revision 2 of
the plan is being developed to include recommendations of CASAC. Some of the major
features of the PM continuous monitoring strategy include:

support for a hybrid network of several hundred PM continuous monitors with a
few hundred FRM samplers,

using performance based criteria developed in the Data Quality Objective (DQO)
process to determine the acceptability of PM continuous monitorsin the
individual networks that they are used; and

aparallel approach for approval and applicability of methods with one option
being morerigid and alowing approval of a continuous method for all monitoring
objectives and a more flexible approach that alows for using these monitors for
all monitoring objectives except the first order of comparison to the NAAQS.

The end goal of the PM continuous monitoring strategy is to have aPM
monitoring network that can meet multiple monitoring objectives at lower cost.
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PM Continuous Monitoring I mplementation Plan Summary

An enlarged continuous PM monitoring network will improve public data
reporting and mapping, support air pollution studies more fully by providing continuous
(i.e., hourly) particulate measurements, and decrease the resource requirements of
operating alarge network of nearly 1200 filter-based reference particulate samplers. The
continuous monitoring implementation plan provides recommended directional guidance
to move forward in deploying a valued continuous PM monitoring program operated by
SLTs. A range of topicsis addressed, including relationships between continuous and
reference measurements, performance analyses of collocated continuous and filter based
samplers, recommended performance criteria, regulatory modifications, and
identification of outstanding technical issues and actionsto be taken in the near future.

The plan proposes a hybrid network of filter based and continuous mass samplers.
The hybrid network would include a reduced number of existing Federal Reference
Method (FRM) samplers for direct comparison to the National Ambient Air Quality
Standards (NAAQS) and continuous samplers that meet specified performance criteria
related to their ability to produce sound comparisons to FRM data. Two approaches for
integrating continuous mass monitors are proposed to maximize flexibility for agencies:
an expanded use of Correlated Acceptable Continuous Monitors (CAC), and a new
Regiona Equivaent Monitor (REM) program. The CAC approach would enable
agencies to address any monitoring objective, other than direct comparisonsto NAAQS
for attainment and nonattainment designations, while the REM approach would serve any
monitoring objective.

In either approach, if data produced by a continuous monitor differ from that
produced by the reference method, then monitoring agencies should seek to optimize the
continuous method to reduce those differences. If al established means to optimize the
continuous method have been exhausted, and the differencesin data from the reference
method and continuous monitors are still not acceptable, then the continuous data can be
adjusted to be more comparable to that of the reference method. Adjustments will be
allowed for the REM utilizing either raw data alone for smple regression or a
combination of raw data from the instrument and physical or chemical parameters as
necessary for multi-variate regression, so long as these parameters can be appropriately
controlled. For instance, ambient temperature is readily available and checked on a
routine schedule against a temperature standard as it directly factors into maintaining
active flow control of the instrument. For a CAC, any type of adjustment will be allowed
with no limitation on the parameters that can be used. At sites operating a continuous
instrument that is not collocated with a reference sampler, assumptions will have to be
made about the adjustment that is appropriate to produce data that is comparable to a
reference sampler. The genera approach proposed in the plan is to determine
geographical regions representing networks of sites or a sub-set of a network; for
example, rura areas and small cities, where one adjustment is appropriate for al of the
continuous measurements. There isflexibility in the approval of adjustments and regions
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associated with a CAC, whereas the adjustments and regions associated with the REM
will be restricted and subject to an independent review through EPA’ s Office of Research
and Development or asimilar entity.

Three performance criteria are proposed to determine whether the adjusted
continuous measurements are sufficiently comparable to be integrated into the PM, ¢
network. These criteria are bias, relative to afilter-based reference method, between -
10% and +10%, measurement precision (i.e., data from two collocated continuous
monitors) less than 20% coefficient of variance (CV), and an initia proposal for a
correlation coefficient of 0.93 (e.g., squared correlation of 0.87) for aREM type monitor
and 0.90 (e.g., squared correlation of 0.81) for a CAC type monitor. The precision and
bias criteria are the result of a data quality objective (DQO) analysis that is based on data
from the existing PM, 5 network and an assumption that the annual PM, s air quality
standard is the principal decision driver. InaDQO analyses for the daily standard,
continuous monitors, which provide what amounts to a daily sampling frequency were
demonstrated to have less uncertainty around a potential decision than filter based
referenced methods at lower sample frequencies, al other things being equal. Thus, the
use of approved continuous monitors at sites near the daily standard should be an
improvement over filter based samplers with lower sample frequencies. Also, the DQO
result is conservative in that the goals estimate decision error rates for the “worst case”
scenarios. In casesthat are not “worst,” the DQO approach allows for additional
flexibility beyond the stated bias and precision goals. The correlation criteriaidentified
provide an initial attempt to quantify a necessary minimal value for this statistic. These
values were selected based on the empirical evidence of the current PM, . continuous
monitoring network and a DQO exercise to determine what observed correlation
coefficient is acceptable for use with PM, . continuous methods. These performance
criteria preferably would be demonstrated by monitoring agency staff independently or in
cooperation with instrument manufacturers under actual operational conditions, a
departure from the very tightly controlled approach used for national equivalency
demonstration. Continuous monitors would be validated periodically in recognition of
changing aerosol composition and instrument performance.

6.3.1.2 Ozone Methods

Although alarge network of ozone monitors exists in the United States, there may
be opportunities to make better use of the ozone network. This could potentialy involve
severa specific areas of technology associated with ozone monitoring, as identified
below:

opportunitiesto divest of some redundant urban monitoring and relocate those
monitors in areas outside the urban environment in order to detect the spatial
gradient of ozone. Thisis expected to be largely accomplished through the
assessments performed across regional areas.

a comprehensive review of how ozone monitoring quality assurance is performed.
This should examine the regulations as identified in 40 CFR Part 58, Appendix A
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and the QA guidance in the “Red Book.” A review of how state and local
agencies are performing QA in their agencies should a so be performed. The
review should provide recommendations for areas of divestment and investment
in ozone monitoring quality assurance.

6.3.1.3 Web Camera Technologies

Many State and local air monitoring agencies have successfully implemented web
camerasto illustrate the visual quality of the air. For example, the CAMNET site
(http://www.hazecam.net/), implemented by NESCAUM, provides web accessible
images of urban and rural scenic vistas at severa sites throughout the northeast. The
images have been used with air pollution datato communicate visibility and air quality.
Therelatively low cost of the technology combined with an effective medium for
distribution of the data on state and local agency websites makes for an efficient way to
communicate air quality to the public. With the growing interest in reporting and
forecast ambient air quality to the public, the web cameras have become an important
tool in supplementing these reports.

6.3.2 Information Technology

The areas of information technology currently run in most state and local
agencies may be the most ripe for new investment. Thisislargely due to both the need
for anational network of air monitoring that can be available in real-time to support
public information needs of the data, and the substantial areas of improvements that have
been made in information technology since most air monitoring stations were
implemented. Although commercialy available information technologies may be
substantially more efficient than what are currently being used by many state and local
agencies, there are a number of issuesto consider, such as making the best choice for
investment, costs of technical support, and how easy would it be to move to another
generation of this technology once the current generation is outdated. This subsection
identifies some of the key issues with each area of information technology supporting an
ambient air monitoring program as well as desired performance capabilities of an
information transfer system to serve Level 2 and 3 NCore sites.

6.3.2.1 Instrument to Datalogger

Most continuous monitors have the ability to output data at least two ways. For
real-time or near real-time monitors, analog outputs usually have a DC voltage
corresponding to arange of the concentrations. For example, in an ozone monitor, a0 to
5 volt output might correspond to a0 to 500 part per billion range. The analog output is
fed into adatalogger that has been programmed to receive the DC voltage and interpret it
as aconcentration of ozone. A RS-232 or other output device may aso be employed.
These outputs can carry a substantial amount of information beyond the concentration
value. For instance, operating temperature, light intensity, if applicable, and
concentration range may all be carried in addition to the actual concentration. Despite
the wealth of information that can be carried across an RS-232 connection, these
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connections are rarely used. The primary reasons for using DC voltage outputs over RS-
232 connections are the simplicity of receiving the concentration data by DC voltage and
the lack of standard formats for the fields among vendors for the RS-232 connections.
Despite not using these other data available viathe RS-232 connection, some of the
information may actually be very useful for validating data and remote troubleshooting
of instruments. With the cost of storing data becoming cheaper, having an archive of
these data may be an effective way to improve this component of the ambient air
monitoring program. In order to move from a network where most sites are connected by
DC voltage to something that provides for more information, a number of issues need to
be worked through. For instance, providing the datain a common format from multiple
vendors, manufacturers would allow for dataloggers to be easily adopted to receive data
from any of these monitors. Also, an examination of the existing and up and coming
direct connections should be made (e.g., USB, ethernet, FireWire).

6.3.2.2 Datalogger to Database

Once data are on the datalogger at the ambient air monitoring station, they need to
be sent to servers where they can be summarized and disseminated to data users. In most
cases thiswill occur by using a server at the office of the state or local agency. The
frequency of the transfersis usually dictated by the needs of the data user. For public
information use, data may need to be sent to the server every hour of even more
frequently. The conventiona way to get data from the monitoring stations has been to
poll each of the stationsindividualy. With more widespread availability of the internet,
pushing data from monitoring sites on aregular basis will be especialy effectivein
mapping and public reporting of data.

6.3.3 Reporting

The need to provide data to a number of userswill require multiple reports of the
information. For example, the public may need a near real-time simple message that the
air is“clean” or “moderate.” A health researcher or modeler may want avery detailed
accounting of the available data in the shortest time intervals possible. Regulatory users
generaly want the datain the form that they can be compared to the NAAQS.

6.3.3.1 Public Reporting

The area of public reporting for air monitoring data may provide the largest
number of users of data. This area has been growing rapidly in the last few years
as aresult of the increased availability of air quality reporting, especially for
ozone. Thisisexpected to continue for other pollutants. Specifically, PM public
reporting is expected to increase as more agencies bring their PM continuous
instruments on line and EPA’s AIRNOW program accepts and reports PM
monitoring data.
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6.3.3.2 AQS Reporting

Air monitoring datais to be supplied to AQS after it has been validated at the
state or local agency level. In early 2002, EPA implemented its new AQS system. The
new system is expected to have alot more functionality than the previous mainframe
system. Thiswill be especially useful to casual users of the data who were previously
unable to access air monitoring data from the mainframe system.

6.3.4 Summary of Desired Performance for Information Transfer Systemsto
Support National Core Network of Ambient Air Monitoring Stations

Currently, most agencies are using the same information technology systems to
record and move data from ambient monitoring stations that were implemented in the
1980's. Dueto incredible improvementsin processing speed and storage capacity, as
well as the throughput capabilities to move data, some information technology systems
currently in use may be antiquated. |f one considers future needs of a national core
network (NCore) of ambient air monitoring stations, such as automated low level
validation and national near-real time delivery of multi-pollutant data, very few systems
as currently run can meet these needs. However, in some cases systems may be
adaptable to desired performance capabilities smply by upgrading the telemetry or
adding additional features to existing systems. Other systems may need to be replaced
entirely to meet the needs of NCore. This section summarizes the desired performance
capabilities of an information transfer system to serve Level 2 and 3 NCore Sites.

6.3.4.1 Monitoring Objectives and Performance Criteria

To define the needed performance criteria of a state-of-the-art information
technology system, amatrix of needs has been developed. This matrix considers an
optimal information technology system, but is not intended to address what the individual
components should look like. For instance, once low-level validated data for a specific
time period were ready to leave the monitoring station, a number of telemetry systems
may actually accomplish moving those data. By identifying the needed performance
criteriaof moving data, rather than the actua system to move it, monitoring agencies
may be free to identify the most optimal system for their network.

Table 6-2 summarizes each of the major monitoring objectives of NCore, the
lowest monitoring interval that can reasonably achieve supporting that objective, and
how quickly anational set of those data are expected to be aggregated and made
available to a user community. Since an information transfer system will need to support
the monitoring objectives with the tightest performance needs, the minimum design
criteria are summarized at the bottom of Table 6-2.
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Table6-2.  Monitoring Objectives and Associated Performance Needs

Monitoring Objective Monitoring Interval Avalilability of
Needed Aggregated National
Dataset
Public Reporting - Air Quality Hourly data Within an hour
Index (AQI)
Mapping 5 minutes to one hour. Within an hour
Exposure 1 minute to one hour Within an hour
Modding - Empirica modeling 5 minutes to one hour Within an hour
to support forecasting efforts
NAAQS Generaly 1 hour or 24 hour data Generdly not needed until fully
are needed vdidated by monitoring agency,
if lower level vdidated datais
available as per other monitoring
objectives.
Minimum Need 1 minute Within an hour

By focusing on two of the most critical elements of an information transfer
system (i.e., aminimum sample period of one minute, and moving data to be aggregated
nationally within an hour), it becomes apparent that utilizing state-of-the-art telemetry
systemswill play acritical role in information transfer systems for NCore. Much of the
other performance needs that can be identified are associated with the datalogger and
associated computer. Table 6-3 summarizes some of these additional performance needs.
Once again, an attempt was made to only define performance and not design criteria.
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Table 6-3.

Perfor mance Needs

National Core Network (Level Il and I11) Information Technology

Performance Need

Performance Criteria

Notes

Sample Periods 1 minute, 5 minute, and 1 hour data 1 minute to support exposure, 5 minutes
to 1 hour data to support mapping and
modeling. 1 hour datafor Air Qudity
Index reporting and NAAQS.

Sample period may need to be higher for
certain pollutant messurement systems
depending on method sample period and
measurement precision when averaging
smal time periods.

Data Delivery - 15 minutes within network Delivery every 15 minutes of 3 sample

- 1 hour nationdly intervals each 5 minutes a piece.
Exposure data could be supplied at 1
minute intervas for episode monitoring
and as needed.

Low Level - Last automated zero and QC Other low level validation may be

Vdidation check acceptable necessary

- Range check acceptable

- Shelter parameters acceptable

- Instrument parameters acceptable

Data Avallahility - dl gc data, operator notes, Createlog of dl monitoring related

cdibrations, and pollutant deta adtivitiesinterndly. Allow only

within network vaidated data to |eave agency network.

- Low leve vdidated pollutant data

externdly

Types of monitoring - continuous and semi-continuous

datato disseminate -
externdly

pollutant data

- accompanying meteorologicd data
- asociated manual method
supporting data (for instance FRM
sample volume).

Additiond datafor

- Status of ancillary equipment such

interna tracking as shelter temperature, power

surges, zero air system
Reevant site Latitude, longitude, dtitude, land Other steinformation may be necessary
information use category, scale of

representativeness, pictures and
map of area.

Remote cdibration

Ability to initiste automated
cdibrations on regular schedule or
as needed.

Reviewing - dlow for 1 minute data as part of
cdibrations eectronic cdibration log
Initidization of Need to be able to remotely initiate
manua collection these or have them set at an action
methods level from a specific monitor
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6.3.4.2 Other Performance Considerations

While some of the desired performance criteria can be identified in units such as
sample period or data delivery time, others are more qualitative in nature. The following
list identifies some of the other important considerations of an information transfer to
support NCore:

Allow for network time synchronization of all monitoring stations,

Have battery back-up, such as a UPS, to ensure no data loss during power outage;
Have information transfer system be self-initializing so that if power is
interrupted (even with a UPS) the system will go back on-line;

Provide graphical display of data;

Provide math operations of data; and

Automate AQS processing for NAAQS data after full validation in re-engineered
format.

6.3.4.3 Optimizing Costs of Telemetry Systemsto Support NCore

Although there needs to be an initial investment in upgrading information
technology systems to support NCore, there is an expectation that the added vaue to the
program by enhancing the timeliness and frequency of data delivery will more than
account for the cost. Also, since the performance criteria, presented in this section, lend
themselvesto utilizing state of the art telemetry systems, such as high speed internet and
satellite, there will no longer be a need for leased land lines to support low speed
modems.

Conventional Data Flow Model Possible New Approach for Data
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Figure 6.2 Figure 6.3

Ironically, many options for state-of-the-art telemetry systems are lower in cost
than conventiona systems. However, due to the cost and burden of implementing a new
system, many monitoring agencies are reluctant to pursue this kind of a project.
Consider the conventional data flow model in Figure 6.2 where there are five long
distance calls each time the network is polled.
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Now consider a possible new approach illustrated in Figure 6.3 which utilizes a
combination of modems and high speed internet with no long distance calls. The savings
from avoiding long distance calls can more than make up for the cost of the internet
connection and local phone systems. Then the cost of frequent polling can be
substantially reduced.

6.4 | ssues

Degpite the need to invest in many areas of the ambient air monitoring
program, investing blindly may never result in an improved system. Some
concerns that have been brought to the attention of the Technology Workgroup,
from both within the group and external to it, are identified below. As
appropriate, some possible solutions to each of these issues are aso presented:

Making the right choice for atechnology. For any one type of technology, there
may be severa choicesto consider. The most cost-effective choice right now
may be outdated in ayear. Making the right choice needs careful consideration
and, even then, the choice may till not be correct.

Transition from current to new technology. Need to consider things such as
downtime of systems and a contingency plan if new systemsfail.

Training of staff. New technologies may require ahigher level of expertise than
the old system it was replacing. Need to adequately plan for major shiftsin
technology.

Technical service. Need to consider what, if any, service plan would accompany
any new technology. This may affect the true cost of the technology. Also, need
to consider the responsiveness of technical service.

Use of proprietary software. Need to consider the issues regarding the use of
software that is not in the public domain.

Ability to transfer to new technologies at afuture time. Agencies need to be
careful to select technologies that do not prevent them from selecting a newer
technology down the road.

| dentification of appropriate technical specifications to be included on purchase
requests so that air monitoring agencies make the right purchase of equipment.
Thisis especialy important regarding technologies that may have similar

features; however, if the lower cost product isinferior, it may lead to substantially
greater problems to the end user. If purchasing agents are given an appropriate
amount of detail in the technical specification, selection of the inferior technology
may be avoided.

Page 6-13



6.5 Recommendations
From atechnology perspective, the following summarizes the recommendations:

support a hybrid network of PM monitors that provides for a substantial
divestment of filter based monitoring and investment in continuous monitoring;

optimize gaseous pollutant quality assurance, including automation of routine
calibrations at all sites;

clarify QA requirements when utilizing technologies for QA ptimization;
implement state-of-the-art information technology systemsthat can provide data
routingly in five-minute to one-hour intervals, with one-minute intervals for

episodes, and be aggregated nationally within an hour;

support investment in data management systems at the SLT level that could lead
to more efficient processing of data; and

accommodate, to the degree feasible, each of these areas to be included in the
grant process so that available grant monies can be used for these investments.
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AQI

Bias (total)

BAM

CAC

CAMM

CASAC

DQO

FEM

FRM

Measurement
Precision (total)

Primary Monitor

List of Abbreviationsand Terms

Air Quality Index - An numerical and color coded index for reporting
timely air quality to the public for five magjor pollutants: ground-level
ozone, particulate matter, carbon monoxide, sulfur dioxide, and nitrogen
dioxide.

The systematic or persistent distortion of a measurement process which
causes errors in one direction.

Beta Attenuation Monitor - A monitor that uses a source and detector of
emitted beta particles to determine the collection of particul ate matter.

Correlated Acceptable Continuous (as currently applied) - A continuous
PM, s monitor collocated with a FRM having sufficient comparability to
allow for areduction in sample frequency of the FRM from daily to 1-in-3

days.

Continuous Ambient Mass Monitor - A monitor that measures changesin
pressure drop across afilter tape with particulate matter collected on it to
determine the concentration of fine particulate.

Clean Air Science Advisory Committee - A group charged with statutorily
mandated responsibility to review and offer scientific and technical to the
Administrator on the air quality criteria and regulatory documents which
form the basis for the National Ambient Air Quality Standards.

Data Quality Objectives - Are qualitative and quantitative statements that
clarify study objectives, define the appropriate type of data, and specify
tolerable levels of potential errors, that will be used as the basis for
establishing the quality and quantity of data needed to support decisions.

Federa Equivalent Method - A method for measuring the concentration of

an air pollutant in the ambient air that has been designated as an equivalent
method in accordance with 40 CFR Part 53.

Federal Reference Method

A measure of the mutual agreement among individual measurements of the

same property, usually under prescribed similar conditions, expressed

generaly in terms of the standard deviation.

Identifies one instrument as the sanctioned monitor for comparison to the
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NAAQS when there are multiple instruments measuring the same pollutant
a the same site.

REM Regional Equivalent Monitor - A potential new type of equivalent monitor
being proposed in this document that would be limited geographicaly inits
approval to where its performance has been successfully demonstrated.

SAMWG State Air Monitoring Working Group

SES Sample Equilibration System - A technology utilizing a Naphion® dryer
that allows sample flow streams to be conditioned to low humidity and
temperature.

STAPPA/ALAPCO State and Territoria Air Pollution Program Administrators/ Association of
Local Air Pollution Control Officers

TEOM Tapered Element Oscillating Microbalance - A particulate matter continuous

monitor that utilizes an inertial balance which directly measures the mass collected
on afilter by measuring the frequency changes on atapered element.
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Executive Summary

An enlarged continuous PM monitoring network will improve public data reporting and
mapping, support air pollution studies more fully by providing continuous (i.e., hourly) particulate
measurements, and decrease the resource requirements of operating alarge network of nearly 1200
filter-based reference particulate samplers. This document provides recommended directional
guidance to move forward in deploying a vaued continuous PM monitoring program operated by
State and local agencies and tribal governments. A range of topics are addressed, including
rel ationships between continuous and reference measurements, performance analyses of collocated
continuous and filter based samplers, recommended performance criteria, regulatory
modifications, and identification of outstanding technical issues and actions to be taken in the near
future.

This plan proposes a hybrid network of filter based and continuous mass samplers. The
hybrid network would include a reduced number of existing Federal Reference Method (FRM)
samplers for direct comparison to the National Ambient Air Quality Standards (NAAQS) and
continuous samplers that meet specified performance criteriarelated to their ability to produce
sound comparisons to FRM data. Two approaches for integrating continuous mass monitors are
proposed to maximize flexibility for agencies; an expanded use of Correlated Acceptable
Continuous Monitors (CAC), and anew Regiona Equivalent Monitor (REM) program. The CAC
approach would enable agencies to address any monitoring objective, other than direct
comparisons to NAAQS for attainment and nonattainment designations, while the REM approach
would serve any monitoring objective.

In either approach, if data produced by a continuous monitor differ from that produced by
the reference method, then monitoring agencies should seek to optimize the continuous method to
reduce those differences. If al established means to optimize the continuous method have been
exhausted, and the differences in data from the reference method and continuous monitor are still
not acceptable, then the continuous data can be adjusted to be more comparable to that of the
reference method. Adjustments will be allowed for the REM utilizing either raw data alone for
simple regression or a combination of raw data from the instrument and physical or chemical
parameters as necessary for multi-variate regression, so long as these parameters can be
appropriately controlled. For instance, ambient temperature is readily available and checked on a
routine schedule against a temperature standard asit directly factors into maintaining active flow
control of the instrument. For a CAC, any type of adjustment will be allowed with no limitation on
the parameters that can be used. At sites operating a continuous instrument that is not collocated
with areference sampler, assumptions will have to be made about the adjustment that is
appropriate to produce data that is comparable to a reference sampler. The general approach
proposed in this document is to determine geographical regions representing networks of sitesor a
sub-set of a network; for example, rural areas and small cities, where one adjustment is
appropriate for all of the continuous measurements. There isflexibility in the approval of
adjustments and regions associated with a CAC, whereas the adjustments and regions associated
with the REM will be restricted and subject to an independent review through EPA’ s Office of
Research and Development or asimilar entity.
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Three performance criteria are proposed to determine whether the adjusted continuous
measurements are sufficiently comparable to be integrated into the PM, s network. These criteria
are bias (relative to afilter-based reference method) between -10% and +10%, measurement
precision (datafrom 2 collocated continuous monitors) less than 20% coefficient of variance
(CV), and a correlation coefficient of 0.93 (squared correlation of 0.87) for aREM type monitor
and 0.90 (squared correlation of 0.81) for a CAC type monitor. The precision and bias criteria
are the result of a data quality objective (DQO) analysis that is based on data from the existing
PM, 5 network and an assumption that the annual PM, 5 air quality standard is the principal decision
driver. InaDQO analyses for the daily standard, continuous monitors, which provide what
amounts to a daily sampling frequency were demonstrated to have less uncertainty around a
potential decision than filter based referenced methods at lower sample frequencies, al other
things being equal. Thus, use of approved continuous monitors at sites near the daily standard
should be an improvement over filter based samplers with lower sample frequencies. Also, the
DQO result is conservative in that the goals estimate decision error rates for the “worst case’
scenarios. In casesthat are not “worst,” the DQO approach allows for additional flexibility
beyond the stated bias and precision goals. The correlation criteriaidentified provide an initial
attempt to quantify anecessary minimal value for this statistic. These values were selected based
on the empirical evidence of the current PM, 5 continuous monitoring network and a DQO exercise
to determine what observed correlation coefficient is acceptable for use with PM,, 5 continuous
methods. These performance criteria preferably would be demonstrated by monitoring agency
staff independently or in cooperation with instrument manufacturers under actual operational
conditions, a departure from the very tightly controlled approach used for national equivalency
demonstration. Continuous monitors would be validated periodically in recognition of changing
aerosol composition and instrument performance.

A paradlel effort to reduce the number of required FRM samplers nationally is under

consideration. This effort may provide the divestment needed to generate operational resourcesto
stimulate deployment of continuous mass samplers.
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Section 1. I ntroduction

This document presents a proposal for enhancing the continuous particul ate matter
monitoring in the air monitoring networks operated by State and local agencies and tribal
governments. The document addresses a range of topics including recommended performance
requirements, regulatory modifications, and identification of outstanding technical issues and
actions to be taken in the near future.

EPA isworking with the Clean Air Science Advisory Committee (CASAC) technical
subcommittee on particle monitoring; State and local agencies and tribal governments; and
consortiums of State and local agencies on a strategy to enhance deployment and utility of
continuous fine particulate mass monitors. This document is an important step in this cooperative
effort asit provides a basis for comment on our intended approaches. Subsequent regulatory
changes will be necessary to implement the directions in this implementation plan. Comments are
welcome from al interested stakeholders on this document as well as the national air monitoring
strategy it isintended to support.

The reader should be aware that the concepts and elements incorporated in this plan are
singularly and collectively complex therefore creating a communications challenge. Other
approaches were considered, but the potential drawbacks of a simplistic approach were not
acceptable. That is, it would have been easy to develop arigorous non-flexible program easily
communicable but conveying little motivation for deployment. Similarly, a program without
constraints would likely compromise data quality and interpretability. Thus, adecision was made
to accommodate both flexibility and data comparability at the expense of developing and
communicating a complex program.

The development of “acceptable” relationships between FRM measurements and
continuous monitors is stressed throughout this document. The reason for thisisthat so many
objectives relate to the FRM measurement (e.g., NAAQS comparisons, air quality index reporting,
air quality model application). In many instances, thereis no technical reason to expect
comparability between disparate measurement approaches. Such comparability is desired given
the utility of relating continuous measurements to a wealth of existing FRM data and to incorporate
areference marker. The downside of this approach isthat the value of an FRM measurement is
assumed or inferred to be greater than that of a candidate method, when in some cases the
candidate method may better reflect “true” characteristics of an aerosol. Thistopic is addressed
in more detail in Section 7.

Background

EPA is motivated to devel op the continuous monitoring program by the need to improve
public data reporting and mapping, support air pollution studies more fully by providing
continuous (i.e., hourly) particulate measurements, and to decrease the resource requirements of
operating alarge network of filter-based particulate samplers. This document also addresses an
important gap in technical guidance for the continuous particulate matter program, created in part
by a strong emphasis to date on compliance (FRM) and chemical speciation sampling.
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Approximately $170 million has been directed toward the deployment and operation of the
PM, s network since July 1997, and the PM, s network continues to operate at a cost of $42 million
annually. The mgjority of the annual expenses are for the operation and maintenance of the FRM
samplers, $26.5 million. The introduction of continuous particulate matter monitors capabl e of
addressing multiple objectives with reduced operator burden could produce desired network
efficiencies. For example, the cost of operating a FRM sampler on a 1-in-3 day schedule for a
year is approximately $19,000 (including operations, maintenance, data management, filters, and
quality assurance audits). The cost of operating one of the available continuous (hourly)
particul ate matter samplersis approximately $8,000. EPA does not expect that all FRM samplers
will be replaced; however, significant resources can be impacted by the use of more continuous
samplersin lieu of some FRM’s.

Assessments of existing criteria pollutant networks are being conducted as part of a
separate but parallel National Air Monitoring Strategy effort. These assessments are providing
direction for reducing the current number of PM, s FRM based on observed spatial redundancy
(due to relatively broad homogeneous fine aerosol behavior throughout the eastern United States)
and related factors. Such divestment in filter based methods is needed to support integration of a
more comprehensive continuous mass network, as well as preparing for future coarse particul ate
monitoring requirements. This comprehensive air monitoring strategy also has defined progressin
continuously operating PM monitors as a priority for implementation.

Over the last four years, many monitoring agencies have expressed a strong desire for the
development and acceptance of continuous methods for use as compliance samplers (i.e., federa
equivalent methods). This sentiment has been expressed in a number of venues including the Air
and Waste Management Association PM2000 Conference; through the STAPPA/ALAPCO
Monitoring Committee and the Standing Air Monitoring Work Group (SAMWG); and the CASAC
Technical Subcommittee on Particle Monitoring. The CASAC Technical Subcommittee on
Particle Monitoring met on January 22, 2001 in aworkshop session dedicated to continuous
particulate matter monitoring. Asaresult of that workshop, EPA wrote the first draft of this
implementation plan which was released in October of 2001. After presenting the concepts of this
implementation plan to SAMWG and the National Monitoring Strategy Ad-hoc Technology
workgroup, revision 1 of this document was released in January of 2002. On January 28, 2002,
the subcommittee met to listen to presentations and comments on revision 1 of thisimplementation
plan. Asafollow up to that meeting, CASAC produced aletter report to EPA on March 1, 2002
(EPA-SAB-CASAC-COM-01-003). Thisversion (revision 2) of the Continuous Monitoring
Implementation Plan has been edited to take into account the advice of the Subcommittee, further
work utilizing the DQO process and an ever-growing PM, s continuous monitoring data set. The
document provides further details on EPA’s proposal to enhance continuous PM monitoring. The
approach utilizes the data quality objective process to develop continuous monitor performance
specifications. State and local agencies and tribal governments would have a set of parallel
options through a new REM program and an modification of the existing CAC monitors provision.

The principal challenge implied within this document is maintaining an acceptable balance
between data quality and technological progress. The promulgation of the 1987 PM,, standards
included a performance-based approach to the acceptance of PM,, methodology. The current
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PM, s monitoring network has achieved relatively high data quality* due in large measure to the
requirement of design-based methods (i.e., monitors with virtually identical components) and a
thorough quality assurance program that followed through on a cycle of planning (data quality
objectives), implementation (field/laboratory quality control), data assessment and reporting tasks.
Risk in compromising data quality will emerge as an assortment of technologies are
accommodated in the network. Consequently, the success of this program will rely not only on the
initia data quality objective planning steps, but through a commitment to conducting the remaining
quality assurance tasks and retaining the flexibility to take appropriate action in the use of data
when systematic failures are encountered within the quality assurance system.

Document L ayout

Section 2 examines the available collocated FRM and PM, 5 continuous monitoring data.
This examination illustrates both the successes and challenges of implementing PM continuous
monitors. Sections 3 and 4 detail the applicability of the CAC monitors and the REM including
testing requirements and the approval process. Section 5 focuses on network design emphasizing
the suggested hybridization of FRM and continuous particulate monitors, and proposing a new
minimum number of required PM, s FRM sites. Section 6 provides the performance standards for
using PM methods and a description of the data quality objective process utilized to derive the
goalsfor precision and bias as well as a separate but related effort for a minimum correlation
coefficient. The data quality objective process recognizes a number of variables such as
measurement precision, population precision, sample bias, sample frequency, a 3-year standard,
and sample completeness in order to predict the confidence in a decision around an annual average
and adaily standard. Section 7 addresses the use of statistical transformations for each category
of continuous methods. The use of such transformations need careful consideration in terms of
number of variables, frequency of adjusting, and spatial scale of applicability. Section 8
describes options for approval of methods across a spatial scale. This section details how a
number of inputs such as aerosol composition using both monitored data and modeled data as well
as overlaying this output with natural geographic boundaries, such as how State lines or city
boundaries may be used. Section 9 provides design guidance on continuous monitoring methods.
Section 10 identifies how this effort to enhance a network of continuous particulate monitorsis
linked to the national monitoring strategy. Section 11 provides a summary of the potential
regulatory changes and schedule necessary to implement this plan. Section 12 provides a
repository of issues and action items.

¥ CY 2000 Quality Assurance Report of the PM, s Ambient Air Monitoring Program,”
U.S.EPA Office of Air Quality Planning and Standards, October 2001.
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Applicability

The scope and intention of this document is focused on addressing continuous particle mass
monitors that provide in-situ sampling/analysis capability producing outputs that can be aggregated
upward to 1-hour reporting periods (e.g., TEOM’ s and beta attenuation gauges). The approaches
proposed rely on the use of the data quality objective process to produce quantitative performance
standards. This process would in concept accommodate alternative particul ate matter
measurement approaches beyond the more traditional continuous mass methods, assuming
performance standards are achieved. Such acceptable examples that might provide a useful
alternative to the federa reference method include the use of a continuous speciation monitor alone
(e.g., sulfate only) or in combination with multiple speciation monitors (e.g., carbon, nitrate, and
sulfate), or other filter based methods that do not have current equivalency status (e.g.,
dichotomous sampler). The principles described in this document are not applicable to
measurement systems beyond particulate matter (e.g., utilizing particulate matter measurementsto
replace ozone or other discrete gaseous measurements).
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Section 2. PM,5 ContinuousFRM Réationships
Editors note for Revision 2:

The number of PM2.5 continuous monitors reporting data to the AIRS database continues to
grow rapidly. Asof April 15, 2002 there were 192 PM2.5 continuous monitors registered in
AIRS. 168 PM2.5 continuous monitors had data reported to the AIRS database. Initial review
of these data has occurred and the same general patterns appear to be holding with regard to
geographic and seasonal performance. Due to the effort necessary for analyzing a data set of
this size and timing of this document, a further analysis has not been provided for in this
revision. Analysis of PM2.5 continuous monitor performance are expected to be made as part
separ ate data evaluation efforts.

I ntroduction

This section represents an initia effort to compile relational analyses between continuous
and FRM data. Relationships between PM, 5 continuous and FRM monitors are synthesized from a
number of sources, including routinely collected data provided by State and local agencies and
datafrom available field studies. Thetask of comparing PM, 5 continuous data with FRMs was
accomplished by averaging the hourly continuous mass data between midnight to midnight, to
parallel the FRM operations. Genera information is provided first with a number of analyses
presented later in this section. A more detailed set of analysis are presented in Attachment A.

General Summary

Continuous monitors track FRM data with varying degrees of success across the country,
with amix of seasonal and geographical patterns affecting behavior. Analysesto date are
somewhat limited by the availability of relatively few formal field studies, and the current (and
temporary) situation where only one PM, 5 continuous method (the TEOM? operated at 50C) has
been widely deployed (Figure 2-1). Despite these limitations, there is an emerging understanding
that the best PM, 5 continuous monitor choice may vary from one monitoring agency to the next.
TEOMSs operated at 50C appear to predict FRM measurements in locations where volatile losses
areminimal. Examplesinclude sites with sulfate dominated aerosols in the Southeast (the
Carolinas and Georgia) throughout the year and northeastern and upper Midwest (Ilowa and
Michigan) locations during the summer. The prevalence of winter month underestimates in certain
areas suggests that the TEOM operated at 50 C exacerbates volatile losses during cool conditions
when the difference between operational and ambient temperature is greatest. Converting the 50C
TEOM to a30C TEOM with a Sample Equilibration System (SES) should reduce cool season
volatile losses. Anayses comparing collocated 50 C and 30 C TEOMs with the SES and FRMs at
sitesin North Carolinaand New Y ork State indicate improved comparability to the FRM for the
30 C TEOM with the SES.

Manufactured by Rupprecht & Pataschnick.
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Figure 2-1 Percent of PM 2.5 Continuous M ethods used Nationally
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The beta attenuation monitor (BAM)? is operated at several locations (second in number to the
TEOM) throughout the western United States with alimited number of new locations in the east.
The California Air Resources Board and other organizations sponsored afield study of several
major PM, s commercially available monitors indicating high performance of the BAM conducted
during relatively volatile aerosol conditions.* EPA’s Environmental Technology Verification
Program (ETV) included two test Sites; one in Pittsburgh, PA in the summer of 2000; and onein
Fresno, CA in the winter of 2000-2001. This verification program included a number of PM, 5
continuous monitors being deployed by State and local agencies including the BAM, the TEOM
operated at 50C, the TEOM operated with the sample equilibration system at 30C, and the
CAMMS®. While the verification reports do not offer conclusions as to the performance of the
monitors, ingpection of these reports indicates that the Met One BAM performed consistent at both
test sites. The final verification reports from these field studies are available from the U.S. EPA
web site.®

The Nephelometer is used at many sites in the Pacific Northwest. This monitor can have
advantages over PM 2.5 continuous methods with respect to its ease of operation. However,
Nephel ometers can have problems with high humidity and care should be taken to assure sample

3Manufactured by Met One Instruments.
‘Reference the CARB report here.
SManufactured by Thermo Andersen.

*Environmental Technology Verification Statements and Reports:
http://www.epa.gov/etv/verifrpt.htm#07
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streams are conditioned so as not to have moisture interfere with the scattering output. There are
several manufacturers of Nephelometers, so care also needs to be taken when comparing data from
amonitor at one site to another. Although Nephelometers do not provide for a direct output of fine
particul ate concentration, they can be useful when calibrated againgt filter based methods to
provide for diurnal and day to day signal of fine particulate.

Analysisof the Variety of Relationshipsfor 47 Collocated PM, s Continuous and FRM Sites

The AIRS database included 11 sites with at least a years worth of collocated PM., 5
continuous monitoring and FRM data based on a Spring, 2001 retrieval. An additional 36 sites
were included for analysesif they had at |east 3 quarters of data with at least 11 valid collocated
pairs per quarter for atotal of 47 sites (Figure 2-2) forming the basis for the analyses presented in
this section.

Figure 2-2 Map of 47 Sitesused in PM, s Continuous M onitors Analyses
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I nter comparisons of FRMs and PM, s Continuous Monitoring Data:

Of the 11 siteswith at least 4 quarters of complete data, 8 sites used TEOM monitors with
the factory installed correction factor applied for the entire data set. Thisfactory installed
correction factor adds 3 ug to the intercept and 3% to the dope for data coming froma TEOM. A
table summarizing the range of concentration values from each of the FRM and continuous
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monitors at these sites is provided below:

Table2-1 Concentration Rangesfor 8 Siteswith Collocated PM2.5 FRM and TEOM Monitors

Primary Concentration Range of Data (ug/m?)
MSA SitelD N M onitor

Type Mean SD Min Q1 | Median | Q3 M ax
Continuous 14.50 6.42 1.37 9.85 13.46 18.88 34.75

Aiken, SC - Augusta, GA 450317 000 144
FRM 14.49 6.55 2.40 9.75 13.00 18.00 34.20
Davenport, 1A - Moline- | 19163001 Continuous 12.00 6.49 292 | 726 | 1053 [ 1530 [ 4881

' 453
Rock Island, IL 5 FRM 12.81 731 230 | 730 | 1150 | 1690 | 46.70
Continuous 16.23 8.05 2.66 10.29 14.45 20.95 64.02

Winston - Salem, NC 370627 002 525
FRM 16.89 8.70 1.60 10.60 15.00 21.70 69.70
Continuous 15.40 9.26 4.69 8.85 12.85 19.24 85.38

New York, NY 360005 011 295
FRM 15.21 9.17 3.60 8.30 12.30 20.00 53.00
Continuous 14.41 6.74 -17.7 9.90 13.02 17.94 45.83

Pensacola, FL 120343 000 214
FRM 14.03 6.89 1.00 8.60 12.70 18.41 49.30
Continuous 16.68 12.00 1.21 7.27 13.19 22.50 68.92

Pittsburgh, PA 420043 006 344
FRM 20.87 13.39 3.10 11.00 17.20 26.55 78.50
Continuous 15.02 6.89 2.78 10.00 13.66 18.98 45.88

Raleigh-Durham, NC 37182 001 389
FRM 15.59 7.52 3.00 10.10 14.40 20.00 52.80
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Primary Concentration Range of Data (ug/m?)
MSA SiteID N Monitor
Type Mean SD Min Q1 | Median | Q3 Max
Continuous 13.30 6.39 3.38 9.08 11.87 15.48 44.42
Seattle, WA 530373005 340
FRM 12.64 7.25 2.80 7.80 10.95 15.40 46.90
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Inspection of Table 2-1 indicates that most of the sites appear to produce similar PM2.5
concentrations regardless of whether an FRM or TEOM isused. Only the Pittsburgh, PA site
showed a large discrepancy between the mean of the FRM and PM 2.5 continuous monitor. Dueto
this discrepancy, the Allegheny County monitoring staff were contacted to confirm the operation of
the TEOM and use of default corrections factors. While the operation of the instrument was
determined to be correctly identified, it was mentioned that the Site islocated in a community
orientated location in close proximity to alarge local source.

Scatter plots were produced for each of the 11 sites with at least a years worth of complete
data. Datawere plotted for each day where both a FRM value and a corresponding average 24-
hour continuous PM, s value were available. Separate plots for linear and log-normal
concentrations were plotted for each site. The scatter plots can be separated into several
categories: scatter plots with good agreement most of the time - illustrated by most points being on
astraight line (Figures 2-3 through 2-6 and 2-9); scatter plots with asmall but discernable amount
of spread about the best fit line - asillustrated by a mild spread about the best fit line (Figures 2-7
and 2-8); scatter plots with good agreement part of the time and poor agreement in others -
illustrated by alarge increasing spread with concentration (Figures 2-10 and 2-11); and scatter
plots that do not appear to correspond well with any pattern - illustrated by alarge spread about
the 1.1 relationship regardless of the concentration (Figures 2-12 and 2-13).

These first four figures represent sitesin the southeastern United States where the PM 5
continuous monitor appears to track the FRM reasonably well:

Figure2-3  Raleigh-Durham, NC Figure2-4 Winston-Salem, NC
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Figure2-5  Aiken, SC - Augusta, GA Figure2-6  Pensacola, FL

[y

Ie{DorPuees Coscamirrion} (uy/m %)
]

& 1 a ] 4 ° 1

a
n{rRM Concerttration) (wg/m a) n(FRM Oonoantration) (ug/m*a)

The following scatter plots represent cities in the Northeast with some discernable spread
about the best fit line, but not severely distorted.

Figure2-7  New York, NY Figure2-8  Pittsburgh, PA
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The following figure is from a northwest site. The scatter plot shows a good fit about the best fit
line.

Figure2-9  Seattle, WA
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These figures, using data from sites in the upper mid-west, represent a clear spread with
concentration. Thisislikely an effect of seasonal aerosol changes.

Figure 2-10 Davenport, IA Figure2-11 Grand Rapids, M|
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These figures represent data from air sheds where the TEOM and FRM do appear to
correspond well.
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Figure2-12 El Paso, TX Figure2-13 Boston, MA
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Correéation between PM, s Continuous Monitorsand FRMs

Another way to look at the datais to evaluate the goodness of fit between a model using
PM, 5 continuous data to explain FRM measurements. The map below (Figure 2-14) illustrates the
correlation coefficient (R?) at each of the available 47 sites. All 47 sites are able to be used
because alinear model will not affect the correlation regardless of whether a site specific model
is used, the standard correction factors are applied or no model isused at all. The map also
indicates that geographical area playsalargerole in how high a correlation coefficient is
observed. Thisislikely due to the aerosol encountered at specific sites, the concentration of fine
particulate and an effect of the season. Areas exhibiting high correlation include the Southeast,
Northwest and selective locations of the Northeast. Areas with poor correlation are likely the
result of either regional scale winter time volatilization as demonstrated in lowa and Kansas or
micro-scale to urban-scale influences of local sources such asin Boston and El Paso.

Figure 2-14 Correlation between FRMsand PM, s Continuous Monitors
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Bias by Season

In many air sheds across the United States the species and concentration of the aerosol
encountered varies by season. Changes in the species and concentration of the aerosol can lead to
changes in performance of a PM, s continuous monitor. In theillustration below the spread of bias
is presented for those sites with at least 4 quarters of complete data. Bias data were calculated by
comparing the FRM and collocated continuous monitoring data for days when both instruments
produced avalid 24 hour value. Since some monitoring agencies choose to use a standard
correction factor in the reporting of their data while others did not, each set of data was first fit to
it'sown linear model and then the bias were calculated by quarter. Additional graphics depicting
the bias by quarter for those sites without 4 complete quarters are available in attachment 1. The
tighter the fit between season the better the opportunity to use that continuous instrument to produce
FRM-like measurements. Generally, cooler quarters produced the largest negative biases. Thisis
likely dueto the larger difference between the operating temperature of the TEOM and the ambient
temperature of the atmosphere. The relatively high operating temperature of the TEOM during
these cooler months leads to evaporation of a portion of the aerosol that are collected on afilter
based sampler.
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Figure2-15 PM2.5 BiasDatafor TEOM Monitorsby Quarter
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Analysis of the Acceptability of the Relationship relative to the Data Quality Objective
Processand Class |11 equivalency.

In the section above, afew of the sites appeared to have PM, 5 continuous monitors that are
replicating the FRM measurements very well with other sites not performing well and many sites
in between. A site may be expected to replicate the FRM very well by virtue of having a scatter
plot close to unity, a high correlation coefficient and alow bias. But with avariety of
performances across sites, at what level should a site be considered acceptable? In this section
data from 160 collocated FRM/FRM sites and 47 collocated PM, 5 continuous/FRM sites are
compared to various levels of the Data Quality Objective (DQO) process and the equivalency
criteria. For the DQO criteria, precision and bias statistics are determined for each site and
results are presented as a function of the percentage of sitesthat satisfied the criteria. For the
equivalency criteria, linear regression is performed for each site and results are presented as a
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function of the percentage of sites that satisfied the criteria.

Table 2-2 Percentage of Collocated Sites meeting individual DQO and Equivalency Criteria

Critara e Calocaed FRMIFRM. | e GoningousStes
(% of sites meeting criteria)

Data Quality Objective

Bias 5% 86.9 34.0

Bias 10% 97.5 53.2

Precision 5% 28.1 0.0

Precision 10% 68.8 12.8

Precision 20% NA 61.7

Equivalency

Slope (1+0.05) 775 91.5

Intercept (£1 Q) 82.5 97.9

Correlation ($0.97) 66.2 10.6

Interpreting Table 2-2 leads to several observations:

C

Evaluations of the collocated FRM/FRM sites against the existing goals of +10%
bias and £10% precision, indicate that precision is the limiting factor. Most
(97.5%) of the sites meet the bias goal and 68.8 % meet the precision goal. As
will be demonstrated in section 6, bias strongly influences the uncertainty of a3
year mean, while precision has little effect due to the large number of samplesin 3
years of data. Therefore, we have confidence that the FRM network is performing
well, asindicted by 97.5% of the sites meeting the bias statistic.

Evaluating the FRM/FRM sites against the existing criteriafor Class||
equivalency’ indicates that correlation is the limiting factor with 66.2% of the sites
passing. That’simportant since we believe we have awell-operating PM, s FRM
network; however, over one-third of the siteswould fail the Class 111 equivalency
testing criteria. If acollocated network of FRM cannot largely meet the

40 CFR 53
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equivalency criteria, it will be very difficult for a network of FRMs collocated
with PM, s continuous monitors to meet this criteria

C Evaluations of the collocated FRM/continuous sites against the existing goals of
+10% bias and £10% precision indicate that precision is aso the limiting factor
with 53.2 % of the sites meeting the bias goa and only 12.8 % meeting the
precision goal. As mentioned above and demonstrated in section 6, bias strongly
influences the uncertainty of a 3-year mean, while precision has little effect due to
the large number of samplesin 3 years of data. If the precision goa could be
reduced to +20%, then 61.7% of the sitesin the analysis would have satisfied this
criteria. Although an even less stringent precision goal could potentially be
chosen, bias has now become the limiting factor for performance of the continuous
monitors. While precision could potentially be relaxed and we would still have a
high degree of confidence in the 3 year annua mean, the need to monitor for other
monitoring objectives necessitates controlling precision to some degree. A
detailed explanation of the DQO process will be explained in section 6.

C Evaluating the FRM/continuous sites against the existing criteriafor Class 11
equivalency indicates that correlation is the limiting factor with 10.6% of the sites
passing. If it can be demonstrated that the continuous monitors are producing FRM-
like measurements that meet the goals established in the DQO process rather than
the equivalency criteria, than the correlation criteria becomes irrelevant.

Note: In addition to this analysis the EPA has produced assessments of the quality of the PM, 5
monitoring program for the currently operating FRMs for calendar year 1999 and 2000. The
calendar year 1999 report isfinal and can be reviewed on-line at the EPA web site:
http://www.epa.gov./ttn/amtic/. The calendar year 2000 report isin review and a draft copy can
be obtained from the same web address.

Analysis of Collocated TEOMswith a FRM

In New Y ork State two sites have operating collocated TEOMswith aFRM. Additionally,
asitein Raleigh North Carolinaalso hastwo TEOMs and a FRM. At each site one of the TEOMs
isrun with an operational temperature of 50C, while the other is operated at 30C and utilizing a
Sample Equilibration System (SES). Data are compared to the operating FRM at the sites, which
for al 3locationsisaR&P 2025 FRM. The site with the longest record of datais located at
Pinnacle State Park in Addison, NY. Thissiteislocated in arural area of New York’s Southern
Tier. Theillustration below provides some indication of the improvement a TEOM operated at 30
degrees C with a SES can have over operating the conventional TEOM at 50 C. The improvement
is most pronounced in the cold weather months of November through March. A table summarizing
regressions for all 3 sites by month is available in attachment A.
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Figure2-16 Slopeof TEOM/FRM at Pinnacle State Park, NY

Slope of TEOM/FRM Correlation
Pinnacle State Park - Addison, NY
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Data courtesy of New York State Department of Environmental Conservation and University of Albany, Albany
NY.

Conclusion

Although this analysesis very limited it’s becoming clear that some areas of the country
may already be operating PM continuous monitors that produce data with smilar quality to that of
the FRM. If amechanism to approve the use of these continuous monitors could be made where
the performance of the instrument is defined to be acceptable than alarge resource savings may be
gained by divesting of some of the FRM operations. Other areas of the country may not be
producing PM 2.5 continuous data that could be used to replace the FRM. For these aress,
agencies may need to pursue improvements to their instrumentation or new technol ogies altogether.
Comparing the performance of sites that have a collocated FRM/FRM pair with a collocated
FRM/continuous pair to the expected equivalency criteriarevels that the correlation statistic (R
$0.97) would be the limiting factor for either FRMs or continuos monitors to meet equivalency.
Section 6 of this document examines the performance standards of PM 2.5 continuous monitorsin
detail.
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Section 3. Enhanced Correlated Acceptable Continuous M ethods (CAC)

Enhancements to the existing provisions for CAC monitors are being proposed in concert
with anew REM program to provide agencies with options to enhance their network of PM
continuous monitors. Rationale based on data comparability for selecting the CAC or REM
vehicleisdiscussed in Sections5 and 6. The basic premise of arevised CAC isto provide
flexibility in method selection for PM monitoring sites that are not needed for direct comparison to
the NAAQS and for sample frequency relief. These siteswould be alowed to use CAC monitors
if they meet specified performance criteria. While the current provisions for CAC(s) only allow
for areduction in sample frequency of the accompanying FRM/FEM, the provision under
consideration would aso alow for a continuous monitor to be approved for use without the
collocation of a FRM at sitesthat are not required for the NAAQS. This additional flexibility is
being considered for CAC monitors since agencies are not utilizing the currently defined CAC and
it would be better to enhance the usefulness of CACs rather than to have another provision in the
regulation. This approach would potentially be targeted for those agencies that need to monitor for
anumber of monitoring objectives other than NAAQS attainment decisions. Thus, while the CAC
that is not collocated with an FRM cannot be used for attainment decisions, it can be used to meet
all other applicable monitoring objectives, such as: public reporting, trends, mapping, and
exposure. By alowing aportion of the currently required FRM sitesin a network to be substituted
with continuous monitors meeting performance based criteria, the monitoring agencies can realize
areduction in resource requirements while maintaining data delivery with an acceptable defined
level of quality. Also, some of the remaining FRM sites would be collocated with the same
continuous methods as the CAC'’ s to provide the performance data for ongoing assessment of the
continuous method. These revised CAC’swould be different than the conventional FEM’s in that
they could only replace alimited number of sites and the CAC met the performance criteria
specified in Section 6 - Performance Standards for Continuous Monitoring. CAC’swould be
different from REM’ s in that they could not be used for direct attainment decisions unless
collocated with a FRM and meeting the performance criteriaidentified in Section 6. Also, there
would be much more flexibility in the use of data transformations as described in Section 7 - Data
Transformation Policy and Guidance. This section describes the current provisions for CAC
monitors and lays out the potential scope of using CAC'’sin arevised network.

Performance Criteria

There are two sets of performance criteriato consider. Thefirst set of criteria arethe
performance standards for acceptance of a method including individual criteriafor bias,
measurement precision and correlation. These criteria are provided for in section 6 with bias and
measurement precision based upon the goal's for measurement uncertainty as developed in the data
quality objective process for the PM,s monitoring program. A correlation coefficient isalso
included and is based on a DQO type exercise and an evaluation of the current network. Sincethe
CAC isnot used for regulatory decision making, the specific criteriafor precision, bias and
correlation at a site or network of siteswill remain “goals’ and not requirements. The second type
of criteriaare for on-going evauation that the method is providing data of sufficient quality for its
intended monitoring objective. These criteria are the same performance standards devel oped for
measurement uncertainty in the PM, s monitoring program and are aso presented in Section 6 of
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this document.

Testing Requirements

There are anumber of testing requirements that need to be considered. These testing
requirements are intended to be designed so that State and local agencies can readily implement a
field testing program to pursue a CAC for usein their network. The table below identifies the
suggested criteriaand rationale for CAC's:

Table 3-1 Test Specification for PM,5 CAC’s

Testing Requirement

Suggested Criteriafor
CACs

Rational for Criteria

Number of Test Sites

1 onasiteby sitebasisor
minimum of 2 for a network
(see Table 3-2 below)

Need to demonstrate that the
method can meet performance
criteriaat a specific site or multiple
locationsin a State or local network.

Number of FRMs per site for
generating baseline datain testing

1 - However strongly suggest
locating test sites at collocated
FRM precision sites to assure
control of FRMs and to have
high sample completeness

Precision of FRM can be assumed
from FRM network precision
statistic

Number of Candidate Samplers

Encourage 2 for first CAC
site, 1 each for each additional
site tested.

Need to have collocated candidate
CACsin order to calculate
measurement precision of the
continuous method for at least one
sitein the network.

Number of hoursto make avalid 24
hour sample for comparison to the
FRM

18

75% compl eteness of the 24 hour
period

Length of testing

All 4 seasons - however testing
can begin and end at any point
during the year

Need to assure that changesin
aerosol or meteorology related to
changes in season can meet
performance reguirements.

Number of data pairs- Primary
Monitors, both the FRMs and the
candidate CACs

90 per site with at least 20 per
season
Seereferencein section 7

Expected to be similar to 1 in 3 day
sample frequency at 75%
completeness for four seasons

Number of data pairs -
Collocated FRMs

Asfound in network

Use existing collocated FRM
precision sites

Number of datapairs -
Collocated candidate CACs

- 60 sample pairs
- At least 15 sample pairs per
season

Based upon 90% confidence that the
precision statistic iswithin 15% of
the true precision. Sincethese are
continuous methods may expect to
have a substantially large data set.
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Range of concentrations for siting Asfound in the area of Need to evaluate method under the

consideration. conditionsin which it will operate.
Range of concentrationsfor usein May (but not required to) As concentration val ues approach 0,
data set when determining exclude valueswherethe FRM | biases can appear large. By focusing
performance of methods concentration is below 6 on the values that are above 6 ug/n?®

ug/m?. Exclusion of valuesdue | estimates of the performance of the
to low concentrations doesnot | candidate methods are more stable.
result in failure of

completeness requirements

Guidance for Developing Boundariesfor Applicability of CAC

Section 8 of this document provides the detail for how the appropriate geographic sizeis
determined for use of an approved CAC.

Number of test sitesfor Collocated Acceptable Continuous monitors

The number of test sitesfor CAC’ s depends on a number of factors such as whether one
site or anetwork of sitesis being considered for approval of aCAC and the homogeneity of the
aerosol across the area of consideration. At aminimum, two sites are to be tested to support a
candidate CAC across a network. The following table details how many sites are to be tested,
assuming the aerosol is homogeneous across an areain which it is being tested:

Table 3-2 Test Site Specificationsfor PM,5 CAC’s

Geographical Area of Consideration for CAC Number of Test Sites
One MSA 2
Multiple MSA’sin the same air district or State 1 for each MSA upto thefirst 3 MSAS, plus at

least 1 sitein arura county.

Multiple States 1 for each MSA up to thefirst 2 MSAS, plus at
least 1 siteinarural county. For each
additional State add 1 urban and 1 rurd site.

Note: If the aerosol is expected to vary according to the guidance provided for in section 8, then
apply test sites as if each State or air district were performing testing separately. Thiswill ensure
that for each type of aerosol encountered a minimum number of Sites are tested.

Review Procedures

Since the monitoring objectives for CAC’ s do not include direct comparison to the
NAAQS, the approval procedures for use of a method should be streamlined. Thus, the review
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procedures should be included in the annual network review that is submitted by the State, local,
or Tribal Agenciesto the Region. The Region would work to determine that the performance
criteria have been appropriately addressed and the continuous method is suitable for inclusion in
the network. Since many agencies potentially seeking the CAC approach for relief from FRM
sampling are expected to be substantially below that standard, the Regions should work towards
approval of the CAC’ s where they make sense and not prevent their approval if a specific goa is
not met. For instance, one way for Regions to make a good decision on the approva of aCAC is
to utilize the DQO tool that has been developed with inputs of a number of variables and seeif the
uncertainty around the NAAQS would be worse or better. If the goals for measurement uncertainty
are + 10% bias and 20% CV and the agency has abias of 5% and CV of 23% with their continuous
method, then the uncertainty around the NAAQS may actualy be better.

Ongoing Evaluation of Method Performance

Since the CAC isnot to be used for direct comparison to the NAAQS, the specific QA/QC
requirements of the PM, s quality system do not apply in astrict sense. However, since the data
areto be used for a number of other important monitoring objectives the PM, 5 quality system does
apply in aqualitative sense. This means that agencies must develop appropriate measures to
determine precision and bias estimates for the CAC monitors used in their network, but they are
not held to specific numbers asif they were regulatory monitors. Additionally, the CAC’ s should
be appropriately addressed in the monitoring agencies Quality Assurance Project Plan (QAPP).
Agencies should be evaluating the quality of their network on an ongoing basis and work to
resolve problems as they are encountered.

Potential Use of CAC’sin PM,5s Monitoring Networks
The expected outcome of having a CAC approved for use at aSite or in amonitoring
network isthat it can be used in combination with alimited number of FRM’s as part of a“hybrid”

network. Section 5 of this document lays out the detailed network design of a potentially revised
network.
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Section 4. Regional Equivalent Monitors

A provision to allow for REM’sis proposed to enhance the network of PM continuous
monitors. The basic premise of a REM is that when a PM, 5 continuous method meets the
performance criteriaidentified in Section 6 and the testing specification described below for one
or more sitesin a network, then this method may be used at that single site or any sitesin the
network covered by the range of conditions tested. The spatial extent of the approval of the
method would be based upon a number of factors such as number and location of Sites tested,
homogeneity of the aerosol in the network, and local contribution of the aerosol. Thisflexibility is
being considered since some methods are expected to work well in replicating FRM measurements
across specific agencies networks across all seasons, but not in every network in the country.
Approved REM’ s would be allowed to be used for attainment decisions as part of a“hybrid”
network of PM,s FRM’ s and continuous monitors as described in section 5 - Network Design. For
implementation purposes, REM’s are different than the conventional FEM’ sin that they are only
for use in a specific network or a subset of a network and a minimum ratio of FRM’s must be
retained across the network. Site REMs are used with model development on a site by site basis
and have the potential to be implemented quickly. Network REMs are approved across a series of
sites with the method, including statistically developed models, if necessary, consistently
implemented. During the testing phase of a candidate REM, the FRM isidentified as the Primary
monitor, meaning it is the monitor to be used for comparison to the NAAQS at that site. If a
continuous monitor is approved, this new REM now becomes the primary monitor with the FRM
becoming a QA monitor. The REM’s are different from CAC monitorsin that datafrom REM’s
are used for direct comparison to the NAAQS, while datafrom CAC’sare not. Since the data
from REM’s are used for comparison to the NAAQS, there is much more control on the
approaches for data transformations, as described in Section 7. This section describes both the
site and network REM as well as the test specifications and approval process.

SiteREM

A provision for asite specific REM is being added so that monitoring agencies can
potentially reduce sample frequency at required daily or 1 in 3 day sitestoalin 6 sample
frequency regardless of the concentration at the site. This has the potential for an expedited
implementation since the FRM data would still be available if the continuous monitor did not
satisfy the performance criteriaidentified in section 6. 1f necessary, amodel, asidentified in
section 7 would be used based upon the historical datafrom the site. If the correlation coefficient
is satisfied between the FRM and continuous monitoring data, the sample frequency of the FRM
can bereduced. The bias criteriafor the historical data need not be met since the model would
potentially account for the differences between the two methods. The model would be used as part
of the approved continuous monitors method. The continuous monitor now becomes the approved
primary monitor for the site. Each year the continuos monitoring data would be evaluated and if
necessary, a new model would be developed. New models would only be used in a prospective
mode. If the uncertainty of the PM2.5 continuous monitoring data is determined to be unacceptable
as determined from the DQO software tool or similar approved analyses, then the continuos
monitoring datais to be invalidated and the FRM datais used for comparison to the NAAQS.
Since aprovision aready exists for “ Approva of non-designated PM 2.5 methods at specific
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individual sites’* (40 CFR Part 58, Appendix C, section 2.4) the site REMs has the potentia for
quicker implementation than other proposals in this document.

Network REM

Network REMs can be used at any site in a network where the performance criteriaas
identified in section 6 are met. Network REMs can be limited to arange of sitesif testing
demonstrates the performance criteria are satisfied for some grouping of sites but not others. The
method for a network REM isto be consistently deployed with only one transformation used, if
necessary. Thirty percent of the network REM sites are to be collocated with FRMs for ongoing
evaluation of the continuous monitoring data consistency with the historical record. Once the REM
is approved, the FRM sample frequency can bereducedto 1in 6. At this point the approved REM
becomes the primary monitor and the FRM becomes the QA monitor.

Performance Criteria

There are two sets of performance criteriato consider. Thefirst set of criteriaare the
performance standards for acceptance of a method including individual criteriafor bias,
measurement precision and correlation. These criteria are provided for in section 6 with bias and
measurement precision based upon the goal's for measurement uncertainty as devel oped in the data
quality objective process for the PM,s monitoring program. A correlation coefficient is also
included and is based on a DQO type exercise and an evaluation of the current network. The
second type of criteriaare for on-going evaluation that the method is providing data of sufficient
quality for itsintended monitoring objective. These criteria are the same performance standards
developed for measurement uncertainty in the PM, s monitoring program and are also presented in
Section 6 of this document.

Testing Requirements

There are anumber of testing requirements that need to be considered. These testing
regquirements are intended to be designed so that State and local agencies can readily implement a
field testing program to pursue a REM for use in their network. Monitoring agencies may
collaborate with other parties including instrument manufacturers in the testing process; however,
the agency seeking approval of aREM isresponsible for overseeing the field testing asiif it were
part of their routine operation. Thiswill demonstrate operation of the instruments under typical
field conditions asif they were already approved. The table below identifies the required criteria
and rationale for REM’s:
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Table 4-1 Test Specification for PM,s REM’s

Testing Requirement

Suggested Criteriafor
REMs

Rational for Criteria

Number of Test Sites

Onefor site REM or minimum
of 2 for network REM
(see Table 4-2 below)

Need to demonstrate that the
method can meet performance
criteriaat individua site or multiple
locationsin a State or local agency
network.

Number of FRMs per site for
generating baseline datain testing

1- However strongly suggest
locating test sites at collocated
FRM precision sites to assure
control of FRMs and to have
high sample completeness

Precision of FRM can be assumed
from FRM network precision
statistic

Number of Candidate Samplers

1for asite REM or
2 for first network REM test
site, 1 for each additional site

Need to have collocated candidate
REMsin order to calculate
measurement precision of the
continuous method for at least one
sitein the network.

Number of hoursto make avalid 24
hour sample for comparison to the
FRM

18 - valid hourly values within
the midnight to midnight
period.

75% compl eteness of the 24 hour
period.

Length of testing

All 4 seasons - however testing
can begin and end at any point
during the year.

Need to assure that changesin
aerosol or meteorology related to
changes in season can meet
performance reguirements.

Number of data pairs- Primary
Monitors, both the FRMs and the
candidate REM

90 per site with at least 20 per
season.
Seereferencein section 7

Expected to be similar to 1 in 3 day
sample frequency at 75%
completeness for four seasons

Number of data pairs -
Collocated FRMs

Asfound in network

Use existing collocated FRM
precision sites

Number of datapairs -
Collocated candidate REMs

- 60 sample pairs for the REM
- At least 15 per season for the
REM.

Based upon 90% confidence that the
precision statistic iswithin 15% of
thetrue precision. Sincethese are
continuous methods may expect to
have a substantially large data set.

Range of concentrations for siting

Asfound in the area of
consideration.

Need to evaluate method under the
conditionsin which it will operate.
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Range of concentrationsfor usein May (but not required to) As concentration val ues approach 0,
data set when determining exclude valueswherethe FRM | biases can appear large. By focusing
performance of methods concentration is below 6 on the values that are above 6 ug/n?®
ug/m?. Exclusion of valuesdue | estimates of the performance of the
to low concentrations doesnot | candidate methods are more stable.
result in failure of
completeness requirements

Guidance for Developing Boundariesfor Applicability of Regional Equivalent Monitors

Section 8 of this document provides the detail for how the appropriate geographic sizeis
determined for use of an approved REM.

Number of Test Sitesfor Regional Equivalent Monitors

The number of test sites for REM’ s depends on a number of factors such as the area of
consideration for approva of aREM and the homogeneity of the aerosol across the area of
consideration. At aminimum, two sites are to be tested to support a candidate REM. The
following table details how many sites are to be tested assuming the aerosol is homogeneous
across an areain which it is being tested:

Table 4-2 Test Site Specification for PM,s REM’s

Example Geographical Area of Consideration for Number of Test Sites
REM?
Site REM 1
Network REM - One MSA 2
Network REM - Multiple MSA’sinthe same air district or 1 for each MSA up to thefirst 3MSAS, plus at
State least 1 siteinarura county.
Network REM - Multiple States 1 for each MSA uptothefirst 2 MSAs, plus at

least 1 sitein arural county. For each
additional State add 1 urban and 1 rural site.

Note: If the aerosol is expected to vary according to the guidance provided for in Section 8, then
apply test sites as if each State or air district were performing testing separately. Thiswill ensure
that for each type of aerosol encountered a minimum number of Sites are tested.

8 The example presented at best reflects a minimum requirement. Definition of extent of regional
applicability isaddressed more completely in section 8 and is atopic requiring significant devel opment.
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Review Procedures

The approval of a“Regionally” equivalent monitor should follow the same process for
review and approval of other federal equivalent methods. This process works through the Office
of Research and Devel opments National Exposure Research Laboratory (NERL) Reference and
Equivalency program. That program receives, reviews, and provides feedback to vendors and
other parties that have applied for equivalency. Once all the criteria have been appropriately
addressed and the candidate method has been determined to meet the appropriate performance
criteria, the Reference and Equivalency program makes a recommendation that the method be
approved as “equivalent.” Once approved by EPA as*equivalent,” anotice is published in the
Federal Register indicating that this status has been achieved. Any geographic limitationsto a
methods approval would aso be included in this notice.

Ongoing Evaluation of Method Performance

Since the REM isto be used for NAAQS decision making, all applicable elements of the
PM, s quality system areto be applied to itsuse. This means that REM’ s are to be collocated with
both FRM and the same continuous method as the primary monitor as well as being subject to
performance evaluation audits defined in Appendix A of Part 58. Additionally, the CAC’s should
be appropriately addressed in the monitoring agencies QAPP. If for 3 consecutive years the REM
does not meet the DQO’ s and a examination of the data indicates that the uncertainty in decision
errorsisincreasing, then the monitoring agency should - NOT SURE WHAT THE
CONSEQUENCE SHOULD BE. Would like to have agencies work through a solution.

Potential Use of Regional Equivalent Monitorsin PM,s Monitoring Networks
The expected outcome of having an REM approved for use in a monitoring network is that
it can be used in combination with a limited number of FRM’s as part of a“hybrid” network.

Section 5 of this document lays out the detailed network design of the a potentially revised
network.
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Section 5 - Network Design
I ntroduction:

The PM, s monitoring program has been implemented with a heavy emphasis on FRM
samplersin order to support comparing mass data to the NAAQS. Approximately 1,143 (July 11,
2001 AIRS) monitoring sitesin the United States are now operational with FRM samplers. The
entire PM, 5 network includes components for chemical speciation and advanced measurements
(Attachment B). Only the FRM or FEM can be used for direct comparisonsto the NAAQS. This
plan proposes a more balanced hybrid network of filter based and continuous mass samplers,
assuming that data analysts would incorporate filter based and continuous methods (seamlesdly)
when utilizing network data for broad scale spatial applications such as positive matrix
factorization (PMF) and air quality model evaluation. This hybrid network would include a
reduced number of existing FRM samplers for direct comparison to the NAAQS and continuous
samplers that meet specified performance goals related to their ability to produce sound
comparisons® to FRM data. Two approaches described in Sections 3 and 4 for integrating
continuous mass monitors are proposed to maximize flexibility for agencies; an expanded use of
CAC Monitorsand REM’). The CAC approach would enable agencies to address any monitoring
objective, other than direct'® comparisonsto NAAQS for attainment and non-attainment
designations, while the REM approach would serve any objective.

Thereis an unknown amount of degraded data quality risk associated with moving from the
current design based system to one relying on performance based specifications. Therefore, this
hybrid network will maintain a core of FRM’sto maintain an ability to quantify the relationship
between FRM’ s and continuous samplers for continuity to both the historical record aswell as
ongoing and prospective use of continuous methods. The remaining network of FRM’s might
congtitute 30% to 50% of the current network. A large network of continuous monitors meeting
performance criteriawould eventually be in place to improve the data base for: public reporting of
Air Quality Indices (AQI) and mapping through AIRNow; supporting health effects and exposure
studies addressing short-term exposures; evaluating air quality models and emission inventories,
and supporting compliance needs related to direct comparisons with the NAAQS and delineating
the spatia extent of attainment/nonattainment areas.

9 Comparability between FRMs and continuous samplersis desired, based on the extensive FRM network
available. This practical need a so recognizes inherent differences between measurement principles of integrated
and continuous methods and does not assume any one type of measurement best represents true atmospheric
aerosols conditions. Further discussion on incommensurabilities between measurement systemsis provided in
section 7.

10 Datafrom CACswould be expected to be incorporated in as yet undetermined weight-of-evidence
analyses to define boundaries of non-attainment/attainment areas.

Revision 2, June 21, 2002 Draft 5-1 Cont. Monitoring Imp. Plan



Minimum Number of FRM Samplers

A separate but parallel effort is underway to better identify redundant monitoring for al
pollutants as part of the National Monitoring Strategy (see Section 10). This national strategy
supports an investment in continuous PM monitors balanced by a divestment in PM, s FRM
sampling. Progressin enhancing PM continuous monitoring requires a burden reduction in FRM
sampling. Currently, nearly 1,100 FRM samplers operate across the United States, and an
additional 200-300 IMPROVE and continuous samplers. The spatia richness this network should
not be severely compromised; however, areas of redundancy are evident based on avariety of
national and regional based assessments that illustrate broad expanse of homogeneous aerosol
behavior. A reduction in required FRM samplersis possible using network assessment processes
to determine effective numbers of samplers across regional and urban spatial scales. Nationaly,
we are suggesting that a minimum of 300-500 FRM/FEM'’ s be retained to ensure consistency with
the existing network, and provide the primary regulatory base of data. A total of approximately
600 equivaent samplers (including FRM’s, FEM’ s and REM’ s) for direct comparisonsto the
NAAQS are recommended. The network size of approximately 600 is based on severa data
analyses. One analysis shows that the large spatial patternsin PM, s are nearly identical whether
using 300 or 1,200 monitoring locations in an area that covers much of the eastern United States.
A second analysis indicates that several urban areas are likely over-sampled by approximately 25-
35%. Perhaps as many as 1,000 (or more) PM, s mass (FRM and continuous) sites nationally are
needed for spatial characterization, but request that actual number of sites be a function State/local
agency discretion as agencies must balance several competing monitoring priorities. Note, that
this approach while increasing flexibility could have unintended negative consequences by
accommodating too many diverse methods that do not relate well with each other. Agencies are
encouraged to strive for consistency in deploying their continuous PM network and consider not
only consistency of methods within an agency, but attempt to harmonize technology across regional
areas.

Table 5-1 summarizes the applicability of each monitoring method category to the type of
gitein the network. Tables 5-2 and 5-3 include examples of revised network requirements for
PM, s samplers.  Specific modifications to the PM, s monitoring regulations are being addressed
through aworkgroup of State/local agency, Tribal nation, and EPA representatives (see section
11).
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Table5-1 PM Method Applicability
Required
Sitesfor
NAAQS
Method Sitesthat are
comoot | o tosaom | aaweot | MMEIEIt | ouren | oekorond | Speaon
NAAQS of NAAQS NAAQS required in afuture Sites Sites IMPROVE
network.

FRM/FEM T T T T T T

TV TV TV T T T
Site REM With collocated With collocated With collocated

FRM operating 1-6 FRM operating 1-6 FRM operating 1-6

TY Tr Tr T T T
Networ k With 30% FRM With 30% FRM With 30% FRM
REM collocationin collocationin collocationin

network network network
Tr Tr T T TV
With 100% FRM With 100% FRM
CAC Collocationin Collocationin
network network
FRM operates 1-6 FRM operates 1-6

IMPROVE T T
Speciation T T
Existing T
Continuous
mass PM

T The method category in the row is applicable for the monitoring objective in the column.
Ll This symbol indicates a change to the monitoring regulation is needed
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Method Applicability Summary

FRM/FEM/REM - These methods can be used at arequired site, regardless of the concentration; at
any current or future supplemental sites; and at any background or transport sites. REM’s have
two categories:

1) Site REM’ s have an approved continuous monitor collocated with aFRM. Once
approved the continuous monitoring data is used for comparison to the NAAQS. If
the uncertainty of the continuous monitoring datais outside of the goals for the
PM 2.5 monitoring program (utilizing the DQO software or similar approved
analyses) and worse than that of the FRM, the continuous monitoring dataisto be
invalidated and the FRM data shall be used for comparison to the standard.

2)) Network REM’s have at least 30% collocation with FRM’s when they are sited at
required sites. Once approved the REM would be the primary sampler when
collocated with a FRM.

CAC - Thismonitor could provide relief up to three new ways:
To convert asite from afilter based sampler to a CAC:

1) At current supplemental, background, and transport sites CAC monitors may be
used as the primary monitor. Collocation at these sites would follow the
provisions of Appendix A; which is expected to be 15% collocation with the first
collocated monitor being an FRM and the next one being of the same make and
model asthe CAC.

2)) The minimum number of required sitesis to be reduced in Appendix D of Part 58.
There is an expectation that there will be more sites operating than the minimum
number required. For sitesthat are no longer required to be operated; but the
agency still intends to operate the site to meet other monitoring objectives, the
agency may choose to operate the site with a CAC. Appendix A collocation
regquirements would apply for these CAC’s. Moreover, it isfeasible that revised
monitoring regulations may require asimilar total number of monitors currently
required or operating (i.e., 850 to 1,100) with a subset required to have
reference/equivalent status and the remainder being satisfied by an
equivalent/reference or CAC designation.

To provide additional sample frequency relief:
3.) For required reference/equivalent sites (current or future) that are either
substantially above or below the NAAQS, the CAC may be operated to provide a

signal of PM provided it is collocated with a FRM operating on at least a 1-in-6
day schedule. The FRM maintains the status as the primary monitor.
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The conventional sample frequency relief for a CAC would still apply:

A FRM site that is required to operate daily may have its sample frequency reduced
to 1-in-3 provided it is collocated with a CAC regardless of the concentration or

NAAQS status.

Table5-2

Network Design Criteriafor PM,5 Required SLAMS

Network Design Criteria

Current Network

Example Revised Networ k

Required minimum number of
Sites at State and local Air
Monitoring Stations (SLAMYS)

Approximately 850*

* 100 are for background and can
use IMPROVE samplers

Assuming ~600 sites are
reasonable we envision ahybrid
network of FRM and continuous
methods meeting acceptable
performance standards. A
minimum of ~ 30% of each
monitoring agencies future
network would be required to
remain as FRMs.

Scale of representativeness -
Annud Average

Neighborhood or Urban Scale with
FRM or FEM

Neighborhood or Urban Scale with
FRM/FEM or hybrid network of
FRM and continuous monitors
meeting performance based
criteria

Scale of representativeness -
Daily Average

Micro, Neighborhood, Urban Scale

Micro, Neighborhood, Urban
Scale. For sitesthat are expected
to only have aviolation of the daily
standard, but not the annual

average, sitewith aFRM/FEM.
Collocated with a Continuous
monitor, if needed
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Section 6 - Performance Standards for Continuous Monitoring
Introduction

The current expectations for PM, 5 continuous monitors to receive federal equivalent
monitor designation require field testing at multiple locations covering a range of environmental
and aerosol conditions, over an entire year. The field data must meet conservative performance
specifications that include slope, intercept, correlation and a precision test. If a candidate method
meets all the criteria at each test Site, then it receives an “equivalency” designation for use
anywhere in the national network. The assumption is that the method will perform asintended in
all areasif it meets these strict performance specifications at the test locations. Also, once a
method receives an equivalency designation, no additional field tests are required to ensure that
the equivalency holds through time.

The approach presented in this section attemptsto link the testing requirements and the
ongoing performance requirements to the Data Quality Objectives (DQOs). The DQOs identify
the level of uncertainty in the data that is acceptable, given the intended use of the data. Methods
that meet or are of better quality than identified in the DQOs can be used in the networksin which
they were tested, provided they continue to meet the DQOs through time. The PM, s Data Quality
Objectives were developed for comparison of values around the 3-year annual average NAAQS
since it was found to be the controlling standard (i.e. any violation of the daily standard would in
amost al cases bein violation of the annual standard). However, if the daily standard is lowered
it may be asinfluential asthe annual standard in some areas. Therefore, this section will also
provide information on the daily standard.

An additional DQO exercise has been performed to determine a minimum correlation
coefficient for each category of continuous monitor being proposed. Since correlation was not
factored into the DQO design for the PM 2.5 monitoring program, it was not clear how to integrate
correlation in these DQOs. The development of the correlation DQOs rely on testing whether a
“true”’ correlation is at or below a certain value for each category of continuous monitors. Based
upon the desired true correlation and accounting for error rates, an “observed” correlation can be
derived that istied to the number of sample pairs necessary.

Background and Rationale
PM,5 DQO Process

DQOs are quditative and quantitative statements that clarify the monitoring objectives,
define the appropriate type of data, and specify the tolerable levels of potential decision errors
that will be used to determine the quality and quantity of data needed to support decisions (i.e.,
NAAQS comparisons). A more complete description of the PM, s DQOs and how they were
derived is presented in Attachment B.

DQOsfor PM, 5 were developed during the months from April to July of 1997. A number
of assumptions were made in order to generate realistic error rates. Table 6-1 provides alisting
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of these assumptions. In 2001, EPA reassessed the assumptions underlying the 1997 DQOs. In
almost al cases, the assumptions made in the 1997 process held true in the 2001 evaluation.

The PM, s DQOs were generated using conservative but realistic assumptions. For
example, the DQOs were generated assuming a sampling frequency of every 6 days with 75%
completeness. Thisisthe lowest sampling frequency allowed in the Code of Federal Regulation.
A 95% confidence limit around the annual mean at this sampling frequency would be “wider” than
a 95% confidence limit for an every day sampling frequency at 90% completeness. In al cases,
the assumptionsin Table 6-1 are close to the extremes of realistic and allowable data.
Assumptionsin bold are variables that will be discussed later in this section.

Table 6-1 2001 DQO Assumptions

Biasis-10% or + 10%

Precision is 10%

Annual NAAQS s controlling standard

No spatial uncertainty and each monitor stands on its own (no spatial averaging)

1in 6 sampling with 75% completeness (144 days) (each of 12 quarters was rounded up to 12 samples per quarter)
3-year annual averageistruth, (every day sampling and 100% comp.) up to bias and measurement variability
Lognormal distribution for population variability, 80% CV

Normal distribution for measurement uncertainty

9. Seasonal ratio (ratio of avg conc for highest season to lowest season) = 5.3

10. No auto correlation in daily concentrations

11. Bias and measurement variability (precision) appliesto entire 3 years

12. Typel and type Il decision errors set to 5%

PN~ WN PR

Figure 6.1 provides the power curve based on the 2001 assumptions shown in Table 6-1.
A power curveis an easy way to display the potential of decision errors based upon the choice of
various assumptions that affect
data uncertainty. The gray zoneis

0 Power Qurvesand Gray Zone the range of concentrations for
. LK NS which the decision errors are
- i 7 14suo | l|  larger than the desired rate of 5%.
8ol .
g L E i Based on the 2001
Ei assumptions, the gray zoneis 12.2
— . . .
no OO § t0 18.8 pg/n?. Thismeansthat if
E ol T . al the 2001 assumptions hold, the
2 ;f;bggg;gred - decision maker has a’5% chance
% 3yearmean | " Y - 5 of observing a 3-year mean
= 3gL.conc. >15 ' ./ Probability that !
B ugim3givena | 3yearmean !
w ool Positive10% conc. > 15 ug/m3 |
[Tbias , . Lo
E given a negative 1
10 122 ughn’ E 10% bias E
o v 5 .
True Three-Y ear Annua Meen

Figure 6.1 Power curve based on 2001 assumptions
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concentration that is greater than 15 pg/n® even though the true mean concentration is 12.2 ug/mg
(all assumptions and a 10% positive bias). As has been mentioned, the 2001 assumptions are
realistic but conservative. For example the CY00 PM,s QA Report demonstrates that the

Power

Figure 6.2. Annual standard power curve changes due

PM2.5 Mass Data Quality Objectives

Power Curves

L
1in 3 day
vid

[
1in 6 day

I E—
every day

- i

/7
- /
. /

/

1

I

!

o
o
[l
MITTTT T T T I T T I I T T T T I T T T T T IT I T T I T T T T I arT

|

! ! !
11 12 13 14 15 16 17
True PM2.5 Mass Concentration

to changesin sampling frequency

Revision 2, June 21, 2002

=7 T
Sl dE NN NN e
1 1

18 19

20

Power Curves

[ ]
1in 6 day

10+ 1in3day

98th Percentile PM2.5 Mass Data Quality Objectives

09 f
o8 f
o7 f
06 £

05

Power

04t

03

00-

10 20 0 40 50 60
True Mean PM2.5 98th Percentile

Figure 6.3 Daily standard power curve dueto changes

in sampling frequency

Draft

!
/ ! I,
! : )
! 1 ’
/o /
! H !
[ /
; /
o ’
/ /
! ’
/ /
/ A /
! ! ’
) i ’
LY
E 1y G
£ / P
02 f ani
2 + 4 i/
E Hy
E i
:
01 g q 1
1F / ;
- / vl

precision and bias estimates at a
national level are within the DQOs.
Assumptionsthat are “better” than
those listed in Table 6-1 will tend to
decrease the width of the gray zone.
Figure 6.2 provides an example of
the power curve/gray zone changes
for asimple change in sampling
frequency from 1in 6 day
(green/solid) to 1in 3 day
(blue/dots) to every day
(red/dashed); al the other 2001
assumptions remain the same.
Higher sampling frequencies result
in narrower gray zones, meaning that
decision errors are reduced. Using
the same 2001 assumptions,
generating a power curve for the
daily standard would yield a gray
zone of 32.4 to 86.0 ug/n? (see
Figure 6.3).

Because the assumptions
for any particular site will vary,
OAQPS commissioned the
development of a software tool
to help Headquarters and State,
local and Tribal organizations
determine the potentia for
decision errors based on
assumptions relevant for sites
within their network. Thetool is
based on thousands of data
simulations and produces
approximate gray zones. Figures
6.2 (annual standard) and 6.3
(daily standard) are generated
using thistool which allows for
multiple scenarios (power
curves) to be reviewed on one
table. The assumptionslistedin
bold in Table 6-1 can be changed

6-3 Cont. Monitoring Imp. Plan



to suit a particular network. Furthermore, the tool was enhanced to include adaily air quality
index (AQI) use and will be useful for making decisions about the acceptability of REMsor
CACswithin a network.

The PM, s DQO evauation showed that sampling frequency, population variability,
completeness and measurement bias play a significant role in the width of the gray zone.
Measurement precision did not have a significant effect on the gray zone for both the annua and
daily standard which suggests more imprecision could be tolerated with little effect on decision
errors.

Corréation Coefficient DQO Process

A DQO type exercise was performed to determine the minimum correlation coefficient
necessary between data from a PM 2.5 continuous monitor and a collocated FRM. The data from
the PM 2.5 continuous monitor is used after a transformation has been made, if necessary. The
DQO exerciseis based upon identification of atrue underlying relationship given the intended use
of the data. Other information was considered such as the current national equivalency criteria;
expected sample size of collocated continuous and FRM samplers; and performance of the current
network (section 2). Correlations for CAC type continuous monitors are more flexible (less strict)
than REM type monitors since CAC monitors are not to be used for NAAQS decisions.

Test criteriafor PM2.5 class |11 equivalent methods (which would include PM2.5
continuous monitors) have never been published. The current national equivalency criteriafor
PM10 and PM2.5 Class | and Il monitors identifies a correlation of >= 0.97 based upon a
minimum number of 10 sample pairs at each test site. A correlation of >= 0.97 is expected to be
too difficult for most PM 2.5 continuous monitors and may not even be necessary. More relaxed
minimum correlation criteria can be postulated based upon two important differences between
how the traditional equivalency program works and how a process for approval of REM and CAC
type monitorsis proposed. First, while the national equivalency program requires at least 10
valid sample pairs per site, the REM and CAC process is expected to generate many more sample
pairs. Thisisprimarily based upon the expected sample frequencies of collocated FRM samplers
and ayearsworth of data. By having alarger number of sample pairs, more confidence in the
“true’ underlying correlation can be determined. Second, in the national equivalency program
there is a high degree of intra-method collocation required. When the precision of the FRMs are
not acceptable, that sample set isdiscarded. In the testing proposed in this document limited
collocation is required and no provisions for invalidating a sample set is provided for based upon
poor precision. This hasthe effect of potentially keeping FRM values that |ead to a degradation of
the correlation in the sample set. One of the merits of the REM and CAC processiis that the testing
of the instruments takes place under typical field conditions for which the monitors are to be
approved. A reduction in the requirement for correlation is therefore balanced against use of a
substantially larger number of sample pairs and amore “typical” FRM data set.

Identification of true underlying correlations for each category of PM2.5 continuous

monitors were made. For a CAC category, atrue underlying correlation less than or equal to the
sguare root of 0.7 was chosen. For a REM atrue underlying correlation less than or equal to the
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square root of 0.8 was chosen. These true underlying correlations are based upon an iterative
process of evaluating the error rates and sample sizes needed for a reasonable observed
correlation. Error ratesinclude an alpha, beta and delta. The alphais the chance of incorrectly
concluding that the correlation between the transformed continuous and FRM data is good enough
to be used when in fact the correlation is not good enough. Since one of the monitoring objectives
for the REM is attainment decisions, a high alphawill be chosen to protect against using a model
where the true underlying correlation is not good enough. The betais the chance of concluding that
the correlation between the transformed continuous and FRM data is not good enough when in fact
itis. The problem with this type of decision isthat one would work on improving the method or
model relating the continuous monitor and FRM when in fact the model is already good enough.
The deltaisthe size of the gray region.

The derivation of the data in this section is based on work documented in “Using
Continuous PM2.5 Monitoring Data to Report an Air Quality Index,” J. Air & Waste Manage.
Assoc. 52:104-112, January 2002. NOTE: In a previous application of the technique for public
reporting (see Appendix C), only the tables for R <= sgrt(0.60) = 0.77 were provided. Thisis
because the decision makers working on the DQOs for using continuous data to report the AQI
decided that R <= 0.77 was sufficient. For more uses of the data, it likely is prudent to test for
higher true, underlying correlations, hence 2 new sets of tables are provided below.

Another note. Sample sizes less than 20 should not be used. The reason for thisis that the
primary assumption behind the equations used to generate the values in the tables is that
W=0.5*In((1+R)/(1-R)) is approximately normally distributed. This assumptions appears not to
be valid for sample sizes less than 20 and possibly not for sample sizeslessthan 30. Sample sizes
less than 20 are shown but crossed off in the tables 6-2 and 6-4.

A final note. The sample sizes and R? in the tables have changed from those developed for
the AQI DQOs. Therewas an error in the equationsin the original derivation. That error has been
corrected and the correct values are reflected in the tables below. The correction has had the
effect of reducing the required number of pairs of data needed for evaluating the correlation.

Corréation for CAC category of Continuous Monitors

If the intended use of the datais for monitoring objectives other than comparison to the
NAAQS arecommendation is made to test to see if the true underlying correlation is <= square
root (0.7) = 0.84. For error rates arecommendation is made for a gray zone of square root (0.7) to
square root (0.85) meaning delta of 0.15, alpha should be 0.05 and beta should be 0.2. This
results in aminimum sample size of 44 and a minimum correlation 0.90 (square root 0.81). This
sample size represents a site operating aFRM on a 1 in 6 sample schedule at 75% compl eteness
for ayear. If more sample pairs are used then alower observed correlation may be permissible
given the same error rates.

Table 6-2. Lower Bound for Sample size requirementsfor model development by ™, $,
and ) under anull hypothesisof Hy: R # sqrt(0.7) = 0.84
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Size of Gray False Acceptance False Rejection Decision Error (™)
: Decision Error
Region (3) $) 0.05 0.01
0.3 16 25
0.20 0.2 20 31
0.1 27 39
0.3 34 56
0.15 0.2 44 69
0.1 59 88
0.3 90 152
0.10 0.2 117 187
0.1 160 242

Table6-3.  Lower bound on observed model R? value (for above sample size) necessary
for concluding model adequacy by **, $, and ) under anull hypothesisof Hy: R

# sqrt(0.7) =0.84
Size of Gray False Acceptance False Rejection Decision Error (™)
: Decision Error
Region (3) $) 0.05 0.01
0.3 0.87 0.88
0.20 0.2 0.85 0.86
0.1 0.83 0.85
0.3 0.82 0.83
0.15 0.2 0.81 0.82
0.1 0.79 0.81
0.3 0.78 0.78
0.10 0.2 0.77 0.78
0.1 0.76 0.77

Corréation for REM category of Continuous Monitors

If the intended use of the data is for monitoring objectives to include comparison to the
NAAQS arecommendation is made to test to see if the true underlying correlation is <= square
root (0.8) = 0.89. For error rates arecommendation is made for a gray zone of square root (0.8) to
square root (0.90) meaning delta of 0.10, alpha should be 0.01 and beta should be 0.1. This
resultsin aminimum sample size of 96 and a minimum correation of 0.93 (square root 0.87).
This sample size represents a site operating a FRM on a1 in 3 sample schedule at 80%
completenessfor ayear. If more sample pairs are used then alower observed correlation may be
permissible given the same error rates.

Table 6-4. Lower Bound on Sample sizerequirementsfor model development by ™, $, and
) under anull hypothesisof Hy: R # sgrt(0.8) = 0.89
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Size of Gray False Acceptance False Rejection Decision Error (™)
: Decision Error
Region (3) $) 0.05 0.01
0.3
0.20 0.2
0.1
0.3 12 19
0.15 0.2 15 22
0.1 19 28
0.3 37 61
0.10 0.2 48 75
0.1 64 96

Table6-5.  Lower bound on observed model R? value (for above sample size) necessary
for concluding model adequacy by **, $, and ) under anull hypothesisof Hy: R
# sqrt(0.8) = 0.89

Size of Gray False Acceptance False Rejection Decision Error (™)
: Decision Error
Region (3) $) 0.05 0.01
0.3
0.20 0.2
0.1
0.3 0.93 0.93
0.15 0.2 0.92 0.93
0.1 0.91 0.92
0.3 0.88 0.89
0.10 0.2 0.87 0.88
0.1 0.86 0.87

CONCLUSIONS FROM DQO TOOL

The PM, s mass DQOs were developed for making decisions about the 3-year average of
annual means, since the annual standard is the controlling standard. In particular, they were
devel oped to evaluate the chance of concluding an average concentration was above 15 - g/n,
when in truth it was not, and the chance of concluding an average concentration was below 15
- g/m?, when in truth it was not. Due to the minimum number of measurements that go into the 3-
year average of annual means (at least 144), it is easy to see why measurement precision does not
have alarge influence on the size of the gray zone of the power curve. However, data uses that
involve no averaging, such as real-time reporting like the AQI, are more sensitive to measurement
imprecision. Thus, caution should be exercised in drawing conclusions from the DQO power-
curve tool for uses other than those for which it is currently designed. If the assumptions are not
appropriate or if the data use is different than comparison to the standards, the power curves and
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gray zones likely do not reflect the true decision errors. However, the tool is extremely useful in
showing the effects of various types of population and measurement uncertainties on decision
errors.

The software tool is available on the AMTIC PM, s Website. In addition, we hope to be
ableto develop areport in AIRS that would automatically generate the DQO assumptions listed in
Table 6-1 by avariety of data aggregation schemes (i.e., reporting organization, by a collection of
sites etc.)

Acceptable Performance Criteria for Continuous M onitoring Using Power Curve Tool

Figure 6.1 set up the most extreme case that istolerated in the PM, s DQO, based on the
assumptionsin Table 6-1. The DQOs have associated with them a gray zone which will be used
to devel op acceptable bounds for the quality of the data required (REM) or recommended (CAC)
for the continuous monitoring program. An important note is that the data for which the quality is
being evaluated is not the raw data produced by the continuous monitors. Rather it isthe
continuous data that has been transformed, using a statistical model, to be FRM like. A description
of the transformations and applicability to REM and CAC is described in section 7.

Table 6-6 summarize the assumptions for aREM and CAC, asit pertains to data use,
allowable transformations, and data quality requirements or goals.

Table 6-6 Summary of assumptionsfor REM and CAC

REM CAC
Assumptions: Assumptions:
Will be used in comparison to NAAQS Will not be used in comparison to NAAQS
Must have FRMsin Network Must have FRMsin Network
Can include transformations with one or more Can include complex transformations

variables so long as each variable can be controlled Should meet 1-6 day DQO (gray zone) but
Must meet 1-3 day DQO (gray zone) but specifically | specifically meet 10% bias DQO and correlation
meet 10% bias DQO and correlation coefficient of coefficient of 0.9

0.93.

Developing performance criteria using the power curve tool isamulti-step process. The
first step isto collect information from the CAC/REM network. The second step isto develop a
transformation that produces FRM-like data from the CAC/REM (details of which are provided in
Section 7). The third step isto determine the spatial extent for which the transformation is
appropriate (details of which are provided in Section 9). The fourth step isto determine
reasonable values for the highlighted parametersin Table 6-1. The values should be reflective of
the entire spatial extent of the CAC or REM network being evaluated. Thelast step isto use the
DQO software tool to determine the gray zone that results from the values from the previous step.
If the biasiswithin -10% and +10%, the gray zoneiswithin 12.7 and 18.1 : g/n? (the gray zone
for an FRM that operates every third day) and the correlation between collocated FRMs and
continuous monitorsis at least 0.93 and is based on at |east 96 pairs, then the continuous sampler
meets the requirements for being aREM. If the biasiswithin -10% and +10%, the gray zoneis
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within 12.2 and 18.8 : g/n? (the gray zone for an FRM that operates every sixth day), and the
correlation between collocated FRMs and continuous monitorsis at least 0.90 and is based on at
least 44 pairs then the continuous sampler meets the goals for being a CAC.

Figure 6.4 provides an example of the power curve for a 3-year mean based on the
following data quality input parameters:

PM2. 5 Delazs Dala Qualily Objoclives < blaS 10%
_ Lovewy Clur v . < Compl am% 75%
1.0 Certitucus Exarmple 1in = day < mpllng frequency a/ery day
o o < measurement CV 30%
o < population CV 80%
< Seasondl ratio 53

The resultant gray zoneis 13.2 pg/m?

(lower left line green solid) and

17.1 pg/m? (upper right line green

solid which iswithin the 1-3 day

DQO of 12.7 (lower left blue
dashed) and 18.1 (upper right blue

e e e dashed). Therefore, this example

1 11 12 13 1L 15 B AT 12 1a za continuous monitori ng network could

SRS s e be considered acceptable for CAC

Figure 6.4. Example continuous monitoring networ k or REM designation.

power curverelativeto 1in 3 day power curve.

Provwer
=

Simplified Performance Criteria for Continuous Monitoring

Organizations may use the DQO process described above to determine levels of
measurement imprecision that can be tolerated but till provide data of a quality to support
decisions about comparison to the NAAQS. For organizations not interested in using the DQO
tool to develop gray zones applicable to specific areas, the DQOs are set to 20% measurement
CV, biaswithin -10% and +10%, and correlation greater than 0.93 for REM and 0.90 for CAC.
REM s are required to meet these objectives whereas it is highly recommended that CACs meet
these objectives.

Summary of Performance Criteriafor PM,s Methods

When discussing performance criteria, it'simportant to clarify the difference between
acceptance of amethod in the designation process and the on-going performance based goals. The
acceptance of amethod in the designation process is associated with the Reference and
Equivalency program defined in 40 CFR Part 53. This processis purposely strict in order to
assure the qudity of data when subsequently designated methods are used throughout the country.
Table 6-7 summarizes each category of existing and potentially revised methods with criteriafor
acceptance of the method and criteriafor the on-going evaluation of the performance of that
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method.

Table 6-7. Performance Specificationsfor PM 2.5 M ethods

Category Requirementsfor Acceptance of Existing Future Performance
of Method Method Performance Goal Goal for Acceptable
for Acceptable M easur ement
M easur ement Uncertainty
Uncertainty
FRM Many design and performance criteria. 10% coefficient of No Revison
Precision for fidld testing: variation (CV) for tota
< 2 pg/m? when concentration is <40 pg/m? precision and +/- 10
(24 hour sample) or <30 pg/n¥ (48 hour percent for total bias.
sample);
Rpj <5% for concentration > 40 ug/n? (24
hour sample) or >30 pg/m? (48 hour sample).
FEM Across a limited number of field test Sites 10% coefficient of No Revision.
depending on class of equivalency: variation (CV) for tota
Slope of 1+/- 0.05 precision and +/- 10
Intercept of 0 +/- 1 g percent for total bias.
R $0.97
REM Within each network that is being NA Utilize 1in 3 day
considered: DQO/Powercurve or smplified
20 % coefficient of variation (CV) for tota approach of 20% coefficient of
precision and +/- 10 percent for total bias variation (CV) for tota
and correlation coefficient of $ 0.93. precision and +/- 10 percent for
total bias and correlation
coefficient of $0.93.
CAC Within each network that is being NA Utilize 1in 6 day
considered: DQO/powercurve or simplified
20 % coefficient of variation (CV) for total 20% coefficient of variation
precision and +/- 10 percent for total bias (CV) for total precision and +/-
and correlation coefficient of 0.9 (Goal, not 10 percent for total bias. (Godl,
requirement.) not requirement.) And
correlation coefficient of $ 0.90
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Section 7. Data Transformation Policy and Guidance

Variations in PM, s measurements attributed to methodological differences should be
minimized to support consistent data analysis across temporal and spatial regimes. For example,
it would be erroneous to infer that 20% of the PM, s measured in an urban areais due to local
sources based on a comparison of the concentrations measured by monitors in an urban areato
concentrations from upwind sites, if the instrumentation at the upwind sites are biased low by
20%, relative to the instrumentation used in the urban area. Redlistically, PM,s measurements
should “look” like measurements taken by an FRM. Thisis because of the richness of the
available FRM data base and due to the difficulty in ascribing a “reference” check for aerosol
measurements.

Non-FRM samplers generally operate at a higher temporal resolution than FRMs and many
will operate where thereis no FRM, thus helping to fill spatial gapsin the FRM network.
However, to be able to use data from multiple types of PM,s mass monitoring networks (FRM,
non-FRM) in the same analysis, the data must be comparable. Comparable meansthat if the
various samplers were spatially and temporally interchanged, approximately the same
concentrations would be measured. To achieve comparability, it is possible to transform, using
statistical models, non-FRM data to look like FRM data or vice versa. Dueto theinterest in
FRM-like concentration surfaces, the remainder of this section will only address transforming data
from non-FRM samplers to produce FRM-like measurements.

Due to the inherent differences in measurement principles between FRM and PM
continuous monitors there may be biases between the measurements obtained from an FRM and
continuous monitor. If the biasis consistent through time and across space, a standardized
correction factor could be used to produce FRM-like measurements from the continuous monitors.
However, since mass concentration and composition and environmental conditions vary, a
standard correction may not be practical on anationa scale but may be achievable on amore
regional scale. This section provides information about the development of transformations to
produce FRM-like measurements from continuous measurements.

Based on preliminary analyses summarized in Section 2, developing a statistical model to
relate concentrations from continuous samplers (predominantly TEOM’s) to FRM samplersis
achievable, although the complexity of the model varies by location and may vary through time.
The complexity likely is afunction of the stability of the composition of the aerosol, the stability of
the meteorology (temperature and humidity), and the continuous monitoring methodology. The
following guidance for developing transformations is based on the experience gained in analyzing
the limited collocated FRM/continuous database to date. The database is limited due to temporal
representativeness (at best 2 years since the FRM network was deployed in 1999), spatial
representativeness (continuous samplers have been and continue to be deployed predominantly in
large urban areas), and non-FRM sampling techniques. The database is predominantly based on
datareported to AIRS. Prior to 2000, it was not possible to determine whether the data from a
continuous monitor was reported after being adjusted by “correction” factors. Beginning in 2000,
AIRS method codes were expanded so that it would be possible to determine whether correction
factors had been applied, although it is not possible to specify the form or parameter estimates of
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the adjustment. These new method codes appear not to be accurate for all sites, as seen in Section
2, making it afurther challenge to determine appropriate transformations.

A balance between forcing a particular measurement principle to mimic another (i.e., the
FRM) isasignificant complication that must be recognized in thistask. The practical needs for
data analysts demand some level of comparability. However, there isintrinsic value in the very
differences that emerge between measurement systems due to the complex character of aerosols.
Theintention clearly is not to define the FRM as truth, but rather to recognize the practicality of the
existing network. These considerations of basic measurement principles are embodied in this
transformation guidance. Where relationships between two measurement systems exhibit smple
linear and constant character, one can probably assume the difference in measurement approach
does not result in asignificantly different indicator of ambient aerosol. Such simple relationships
are the foundation for accommodating REMs that can be compared to the NAAQS. Variables that
can be controlled such as ambient temperature are also permissible in amulti-variate REM model.
On the other hand, more complex relationships between a candidate system and the FRM suggest
that a significantly different aerosol property is being accounted for (likely varies over time or
space) in one system relative to the other. This does not mean one system is superior to the other,
but reasonable judgement suggests a limit to forcing a system to mimic the FRM for regulatory use,
but to accommodate the system for other data uses within the limits of data comparability
guidelines. This latter approach reflects the concept underlying the expanded use of CAC's.

The guidance on transformations will be broken into two sections, one for the CAC and
one for the REM. The guidance for acceptable transformations for REM’ s will be strict and
limited to transformation models where each variable can be controlled. Acceptable
transformations for CAC’swill be less strict. For either case, recall that the performance criteria
presented in Section 6 is based on the transformed continuous measurements. Note that if the
performance criteria are met with theraw continuous measurements, then no transformation is
required. That is, transformations need not always be devel oped.

Regardless of whether the continuous sampler isa CAC or REM, measurements should be
reported to AIRS. Given that data users might not understand the differencesin the sampling
methodologies, it is recommended that the data be entered AFTER applying a transformation to
produce FRM-like measurements. However, it will be important for other data uses to know what
transformations have been applied. EPA will be investigating possible ways to include the
transformation information in AIRS so that it will be possible to “back out” the transformation and
have the origina, non-FRM measurements.
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Transformation Guidance for CAC

Even though the data from a CAC will not be used for direct comparison to the NAAQS,
they should meet the performance criteria as described in Section 6. Although thisisnot a
requirement, it is strongly recommended for comparability of measurements across the network.
The data used for evauation in the DQO process are those that have been transformed to be FRM-
like; that is, the DQQO’ s are not necessarily based on the raw data from the non-FRM’s. This
section describes the process for devel oping the transformations for CAC’'s. Therationale and
details for the selection of many of these criteriaare included in the EPA document Reporting an
Air Quality Index (AQI) Using Continuous PM, s Data: Data Quality Objectives (DQOs) and
Model Development for Relating Federal Reference Method (FRM) and Continuous PM, s
Measurements (Attachment C).

Sep 1. Create daily non-FRM measurements. If the non-FRM data are collected more frequently
than daily, the sub-daily intervals should be averaged before comparing to the FRM data. At least
75% of the sub-daily intervals should be valid to consider the average to be valid. Also, the sub-
daily intervals to be averaged should be those that most closely span midnight to midnight, the
operating interval of the FRM’s.

Sep 2. Determine if there are sufficient data to devel op statistical model. The moddl to relate
the non-FRM and FRM data should be based on data from all four seasons and have at |east 44
valid pairs of data, approximately evenly distributed through each season. It is recommended that
each season have at least 11 valid pairs. If there are not more than 44 valid pairs approximately
evenly distributed through the seasons, it is recommended that additional data be collected. The
44 pairs need not be from only one year.

3. Develop a statistical model. The statistical model relating the non-FRM and FRM data should
have the FRM data as the response variable (also called the dependent variable) and minimally
must include the non-FRM measurements from Step 1 as an explanatory (independent variable).
The number and type of explanatory variable alowed in unlimited. The model can be based on the
dataasis or can be based on the natural logarithms of the data. The final R? between the measured
and predicted FRM measurements should be 0.81 or greater (corresponding to a correlation of
0.90 or better).

4. Spatial extent for use of one transformation. Section 8 describes the process for determining
the area within which one transformation may be used for al of the continuous samplers,
regardless of whether the continuous sampler has been previoudly collocated with an FRM.

5. On-going evaluation of transformation and its spatial extent. The statistical model should be
revisited every 3 years, or more frequently if there is reason to believe a change in the relationship
between the non-FRM and FRM may have occurred. Possible reasons for such changes include,
but are not limited to, a change in sampling methodology, change in aerosol composition due to
control strategies, or different meteorological regimes than what was observed during the
development of the statistical model. If anew statistical model is more appropriate, that model
should be used from that date forward. That is, one model would be used up to one date and the
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next model would be used for subsequent dates.
Transformation Guidance for REM

The datafrom REM’ s must meet the performance criteria as described in Section 6. The
data used for evaluation in the DQO process are those that have been transformed to be FRM-like;
that is, the DQO' s are not necessarily based on the raw data from the non-FRM’s. This section
describes the requirements for the transformations. Because the data are intended to be used for
NAAQS comparisons, the allowabl e statistical models and parameter estimation will be explicitly
defined. The guidance components are as follows.

Sep 1. Create daily non-FRM measurements. If the non-FRM data are collected more frequently
than daily, the sub-daily intervals should be averaged before comparing to the FRM data. At least
75% of the sub-daily intervals should be valid to consider the average to be valid. Also, the sub-
daily intervals to be averaged should be those that most closely span midnight to midnight, the
operating interval of the FRM’s.

Sep 2. Determine if there are sufficient data to devel op statistical model. The moddl to relate
the non-FRM and FRM data should be based on data from all four seasons and have at |east 91
valid pairs of data, approximately evenly distributed through each season. It is recommended that
each season have at least 20 valid pairs. If there are not more than 90 valid pairs approximately
evenly distributed through the seasons, it is recommended that additional data be collected. The
91 pairs need not be from only one year.

Sep 3. Develop a statistical model. The statistical model relating the non-FRM and FRM data
should have the FRM data as the response variable (also called the dependent variable) and
minimally must include the non-FRM measurements from Step 1 as an explanatory (independent
variable). One or more additional explanatory variables are alowed so long as the variable(s)
can be controlled. Examples of additional exploratory variables that can be controlled include
ambient temperature and barometric pressure as these variables are used for active flow control
on most monitors. Variables such as Julian date or using multiple models above and below a
specific temperature or concentration are also permissible. The model can be based on the data as
isor can be based on the natural logarithms of the data. The final R? between the measured and
predicted FRM measurements should be 0.87 or greater (corresponding to a correlation of 0.93 or
better).

Sep 4. Fatial extent for use of one transformation. Section 8 describes the process for
determining the area within which one transformation may be used for al of the continuous
samplers, regardless of whether the continuous sampler has been previously collocated with an
FRM.

Sep 5. On-going evaluation of statistical model and its spatial extent. At least 30% (rounding
up) of the non-FRM sites must be permanently collocated with FRMs to provide the data needed to
evaluate regularly the reasonableness and consistency of the transforms. The collocated sites
should be distributed to represent different composition and meteorological regimes. The
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statistical model should be revisited every 3 years, or more frequently if there is reason to believe
achangein the relationship between the non-FRM and FRM may have occurred. Possible reasons
for such changes include, but are not limited to, a change in sampling methodology, change in
aerosol composition due to control strategies, or different meteorological regimes than what was
observed during the development of the statistical model. If anew statistical model is more
appropriate, that model should be used from that date forward. That is, one model would be used
up to one date and the next model would be used for subsequent dates.
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Section 8. Defining Regional Applicability

The basic relationship between a continuous monitor and an FRM should be similar
throughout a given “region” of application, especially with respect to bias. Thisreasoning isthe
foundation for the new regional equivalent method approach which assumes consistent monitor
behavior can be achieved within a“region” despite inconsistencies nationally. Sections 3 and 4
provided example requirements (minimum 2 sites per MSA) for demonstrating consistency. The
determination of regional applicability should be based first on technical considerations related to
the consistent performance of a candidate continuous method. This section addresses approaches
to determine regional applicability, and is intended to raise the understanding of thistopic for
further development of applications guidance.

Operationally, only one transformation model would be applied within the region of
consideration. Determining the region in which the use of one transform is appropriate, meaning
that all the sites within the region will meet the bias, precision and correlation requirements
(REM) or goals (CAC), can be approached in two ways. One approach isto establish regions a
priori where the regions explicitly cover specific land massesin the United States. For example,
regions may be the interior southeast, the east coast, Florida, the industria belt, the Midwest, the
western coast, the arid Southwest, Alaska, the Rocky Mountain States, and the humid northwest
coastal area. The testing requirements for a candidate method would have to be met throughout
one or more of these previously established regions. If one of the sites does not meet the testing
requirements, then the method can not be used within that region. Such an approach implies
knowledge about areas in which a particular type of continuous methodology and the FRM’ s have
similar relationships. As shown in Section 2, knowledge based on the analysis of ambient
measurements does not currently exist due to lack of data, especialy data from emerging
continuous monitoring methodologies. However, as more ambient measurements are collected for
the various continuous monitoring methodol ogies, environmental conditions, and particulate
composition and size distributions, such regions may become more clearly defined. EPA and other
organi zations (monitoring agencies, Triba nations, Regional Planning Organizations [RPO’ )
would address logistical and administrative complications associated with multiple monitoring
organi zations operating in adefined “region.”

A second approach isto allow any size and shape of region. The State/local/Tribe, RPO,
or vendor interested in using a particular type of continuous instrument would specify the boundary
of the region and then follow the testing requirements or goals to prove whether one transformation
would be adequate for the entire region. This may follow established geo-political boundaries
such as a State including all local monitoring agencies or multiple cooperating states. The domain
of theregionisflexible. However, once the testing has been completed for a specific domain, the
domain remains fixed until on-going evaluations indicate the performance criteria are no longer
being met throughout the region or additiona testing supports extending the region of approval.

It will be strongly encouraged that potential continuous monitoring methodol ogies be
deployed at a core set of sites where the data from these sites will help to determine potential
regions for the first approach. Until there are sufficient data to determine appropriate regions, the
second approach will be used.
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Definition of Regionality of Transformation

For a specific type of continuous monitoring methodology, given a sufficiently dense
monitoring network of these monitors collocated with FRM’s, it would be possible to develop a
surface of the bias between the two types of instruments. In some places, the bias might be small
while in other places the bias might be large. 1n some places, the bias might be negative and in
others, it might be positive. Hopefully, the surface of biases would be smooth, that is, it would
gradually change from one location to the next. Given such a smooth surface, it would be possible
to produce FRM-like measurements at any location, even if there were no collocated FRM.

A difficulty with this construct of a surface of biasesisthat thereis not a sufficiently dense
network with which to build a surface for any large geographical area, especially for each type of
continuous monitoring methodology. However, understanding this surface is the basis for being
ableto know sizes of regions. Collection of data with which to build such a surfaceis an
important step to understanding regionality and is described below.

A surface of biasesimplies that the transformation to generate FRM-like measurements
from continuous data would vary from siteto site. |mplementing site-specific transformations
likely would prove to be intractable for alarge number of sites, especialy if the transformation is
considered to be part of the method. One way around this problem is to use one transformation
over an areawhere the biasesare “similar.” Specifically, the definition of the regionality of a
transformation is that geographical areain which it is possible to use one statistical model to
estimate FRM-like measurements and those FRM -like measurements meet the performance criteria
specified in Section 6. This may possible in amodified geographical approval for a method
where small cities and rural areas are approved for a method but larger cities are not. This might
be necessary when small cities and rural areas encounter arelatively stable aerosol leading to
little bias on a continuous instrument while larger cities encounter a higher fraction of unstable
aerosols leading to unacceptable levels of bias on a continuous instrument. Determining regions
for which biases are “similar” also hinges on a dense data base of collocated FRM’ s and
continuous instruments.

Data Collection to Support Definition of Regionality of Transformations

At least 100 sites of collocated continuous monitors and FRM’ s will be established as part
of aNational Core (NCore) network. These collocated sites will provide the data necessary to
understand and monitor the temporal and spatia relationships between FRM’ s and continuous
samplers. Characteristics of the sitesinclude: (1) FRM’s should operate at least every third day;
(2) monitors should operate year-round and every year; (3) speciation trends sites are ideal given
that the speciated data may help better understand the relationships; and (4) sites upwind of the
speciation trends sites are also ideal, as the upwind sites likely have different compositions due to
urban/rural gradients. The database generated by these siteswill be regularly analyzed to
determine if and how the FRM-continuous relationships vary spatially and temporally and how
those relationships may change over time as compositions change due to implemented control
strategies.
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Until such time that a priori regions are defined, the regions may be any size and shape and
the following guidance is applicable.

Regionality of Transformationsfor CAC

If the datafrom the non-FRM'’ s are intended to be used for nonregulatory purposes, it is
important that the data be comparable to the data produced by FRM’s. However, since the data
will not be used for direct comparison to the NAAQS, there is more flexibility in determining the
regions within which one transformation is applicable.

Sep 1. Develop transformations for each collocated site within the region of interest, based on
the guidance provided in Section 7.

Sep 2. Determine whether the transformations are statistically equivalent. For the sites that
are equivaent, pool their data together to estimate one transformation. This one relationship
should be used at each of the sites that was considered equivalent and may be used at other
continuous sites for which there is no collocated FRM, provided that the sites operate the same
type of non-FRM sampler using the same standard operating procedures, have ssimilar chemical
composition, and are exposed to similar meteorology. For examples, it would be inappropriate to
apply arelationship established at asite running a TEOM to asite running a BAM, to apply a
relationship established at a population-oriented site without any nearby sources to a site impacted
by alarge local source, or to apply arelationship established at an inland site to a coastal site.
Sites that are not statistically equivalent to others should be considered unique, meaning that the
transformation for the site should not be applied to any other site.

Sep 3. On-going evaluation. It isrecommended that at least 10% of the non-FRM sites be
collocated with FRM’sfor at least 1 year of every 3 years and that the regionality be re-evaluated
every 3years. Thisrecommended level of collocation on a permanent basis generally is met or
exceeded in current networks.

Regionality of Transformationsfor REM
Following the approaches for CAC and REM discussed in Section 4, the approval process
for regional applicability for REM’swould be considered part of the method. The method

approval process would follow the same process for review and approval as other candidate
federa equivalent methods.
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Section 9. Monitoring M ethods Guidance and Support

Despite a substantial allocation of resourcesin overall PM monitoring implementation, very little
methods devel opment work has been performed in the area of PM, s continuous monitors. This
lack of development combined with requirements for lengthy field testing in multiple sites and high
statistical correlations for designation as a PM, s Federal Equivalent Method (FEM) have resulted
in no applications for designation of continuous PM, s monitors as FEM.

I ntroduction:

During the planning stages of the PM, s monitoring program there was little emphasis on
development of PM continuous methods by EPA. There were no nationally coordinated field
testing programs to assess the usefulness of continuous methods over a variety of locations and
aerosols. A guidance Document was written in 1998 compiling the available field testing on PM
continuous methods to date; however, this document offered little insight on planning along term
strategy of using PM, s continuous methods for regulatory purposes. Additionally, EPA never
actually proposed or promulgated Class 111 equivalency criteriathat would provide the testing
requirements for PM, 5 continuous methods. Since no criteria have ever been proposed there has
never been an opportunity for the various stakeholders in the monitoring community to provide
comments on the usefulness of the Class |11 equivalency testing criteria. Thereis an expectation
that the equivalency criteriafor Class |11 designations would be at least as strict as the Class 1
criteria. But since these criteria have never been published by EPA thereis no clear path for
acceptance of PM, s continuous methods. Without EPA directly involved in developing PM
continuous methods, vendors have been left to pursue improvements on their own. While some
vendors have been successful at improving their methods by working directly with the States, these
methods have not been appropriately tested on anational scale. For instance, the California Air
Resources Board (CARB) has been working with the Met One Beta Attenuation Monitor over the
last few years, yet very little data exists on this method collocated with FRM’s in any east coast
States. Also, Rupprecht & Patashnick Company have commercialized the SES as an add on to the
TEOM PM continuous monitor to alow for operation of thisinstrument at lower temperatures;
however, little information is known about the long-term usefulness of the SES. The result of all
of thisisthat there are no designated equivalent methods for PM, s continuous monitors. Also,
little information is available in the form of peer reviewed field studies over a variety of methods
and locations. Despite all these issuesthereis still agreat deal of information to glean from
monitoring agencies and vendors on how these methods may be best suited for implementation in
routine regulatory networks. This section attempts to summarize a number of pointsin how to best
set-up and operate PM, s continuous monitors. Many of these suggestions have aready been
incorporated into commercially available monitors. None of the suggestions should be considered
as “required” since ultimately the best measures of success are performance of the PM, 5
continuous monitor with respect to its ability to reproduce itself (measurement precision) and
comparison to a FRM (bias).

Recommendationsfor Design and Operation of PM,s Continuous M ethods
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In order to design an appropriate configuration for a PM, s continuous monitor, many issues
need to be addressed. This section attempts to provide the general specifications for PM,
continuous methods. A detailed accounting comparing the FRM design and performance
specifications with applicability to a generic PM, s continuous monitor follows.

Comparing FRM and Continuous M ethods for Design and Performance Criteria

The FRM is based upon both design and performance criteriaasidentified in 40 CFR, Part
50, Appendix L. Design criteria are applicable to components of the reference method such as the
inlet and second stage separation device. Performance criteria are applicable to things such as the
control of flow rate and maximum allowable temperature difference between the filter and the
ambient temperature. For any potential continuous method to be used in the routine regulatory
network only performance criteria with respect to the comparison of collocated FRM and
continuous data are to be used. However, the performance of a continuous method may be
expected to be optimized by adhering to as much of the reference method as practical. In redlity,
many aspects of the design and performance of the FRM will not be included in a continuous
methods operation due to the measurement principle of the instrument or other factors. For
instance, much of the laboratory FRM criteria are not practical since there is not expected to be
any pre or post-sampling gravimetric analyses in the traditional sense. This section discusses the
current understanding of the FRM design and performance criteria that may be applicable to a
potentia continuous method for use in aregulatory network. Also, where applicable, alternatives
to the design and performance criteria of the FRM are included as may be appropriate for use with
continuous methods. This section is intended to provide information on how a continuous method
might best be designed so that resulting data mimic that of the FRM. Due to the inherent operation
of any one continuous method, many of the FRM design and performance criteriamay not be
suitable for inclusion in its design; therefore, none of the FRM criteria are required. Also,
improvements to a design or performance criteria of the FRM are encouraged where appropriate
in order for resulting PM continuous data to match that of the FRM.

General Specifications
There are many specifications listed in the FRM as detailed in 40 CFR, Part 50, Appendix
L. Among the general specifications, a number of items may be applicable to PM continuous

monitoring. This section details those general provisions of the FRM that should be included in
the design of a PM continuous method:
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. Pollutant - Fine particulate matter having an aerodynamic diameter less than or equal to a
nomina 2.5 micrometersin the ambient air. Surrogates of this are possibleif they result in
meeting the necessary performance standards identified in section 6 of this document.

. Units - Provide for data to be reported in units of micrograms per cubic meter. This may
be calculated directly or indirectly through use of other inputs.

. PM, s measurement range - Provide for alower and upper concentration limits that allow
for meaningful comparison to the FRM. While the FRM is estimated to have alower
concentration limit of at least 2 ug/m® and upper concentration limit of at least 200 ug/n,
continuous methods may be able to operate over an even wider range of concentrations.
Most importantly, PM continuous methods need to provide concentration valuesin the
environments they operate in. For instance, in an extremely dirty environment, a continuous
method may be able to operate above 200ug/n?, if designed appropriately. Similarly,
when a continuous method is operated at a very clean site the performance of the instrument
should be able to discern changes in ambient PM, s even over very low concentrations.

. Sample Period - Provide for a sample period that can be used to calculate the midnight to
midnight 24-hour average PM, s concentration. For all other criteria pollutant continuous
data the reported averaging period is usually 1-hour. Depending on the measurement
precision of the PM continuous instrument an averaging period of more than one hour may
be necessary. Therefore, while 1-hour averages should be capable of being reported;
longer averaging periods may be necessary depending on the measurement precision of the
instrument.

. Accuracy and Precision - Because of the Size and volatility of the particles making up
ambient PM vary over awide range and the mass concentration of particles varies with
particle size it is difficult to define the accuracy of PM, s measurementsin an absolute
sense. The accuracy of PM, s measurements is therefore defined in arelative sense,
referenced to measurements provide by the FRM. Section 6 defines the performance
standards for PM, 5 continuous methods.

Design Criteria

Design criteriafor the FRM are largely associated with the inlet and separation device to
obtain the desired size selection of aerosol in the sample stream. Many of these criteria can be
applied to a potentia continuous method. Most of the commercia vendors of PM continuous
methods have already incorporated these design criteriainto their instruments. The table below
describes the various design criteriafor the FRM and their applicability to PM continuous
methods. Also, where appropriate, aternatives to the FRM design criteria are offered:

Design Areas Section of FRM gspecification | Applicability to Continuous
Appendix L Methods
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Inlet Assembly 7.3.2 PM, head with This should be applicable to most
dimensions as PM continuous methods
described in figuresL-
2 through L-18. Use of
louversis
recommended, but not
required.
Downtube 7.3.3 With dimensions as Thismay or may not be applicable
described infigure L- toaPM continuous method. A
19 downtube may not be needed if
thereis sufficient clearance for the
PM 10 head above the monitor.
Also, there needsto be aprovision
for aleak check adapter to be
atached at the point where the
PM,, heads attaches if the
downtubeis not utilized.
Impactor 734 WINSwith dimensions | The WINS may be used or
asdescribed in Figures | aternatively the Very Sharp Cut
L-20 through L-24. Cyclone (VSCC) or other cyclone
providing an appropriate PM, 5
separation may beused. The VSCC
is expected to maintain an
appropriate separation of coarse
and fine particulate over alonger
period of time than the WINS
making it more suitable for use
with PM, ¢ continuous monitors.
Filter Holder 7.35 Many specificationsas | Most of thefilter holder assembly
Assembly described in the text design specifications will not be
and with dimensionsas | applicableto PM continuous
detailed in FiguresL- monitors. Some of the important
25 through L-29. areasto strive for in the design of a
PM continuous method include:
- providing for auniform face
velocity of the sample stream
during sample collection.
- preclude significant exposure of
thefilter (or surrogate collection
device) to possible contamination.
Fow Rate 7.3.6 As described with the Ideally, thiswould be the same so
M easurement dimensionsin Figure that flow rate adapters would be
Adapter L-30 interchangeable between FRMs and

continuous methods.
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Surface Finish

7.3.7

Anodized aluminum for
al internal surfaces
exposed to sample air
prior to the filter.

Ideally continuous methods will
also have anodized aluminum for
al internal surfaces exposed to
sample air prior to the filter or
surrogate collection device. This
is especially important to note for
cyclones; if used, sincethey are
not part of the FRM.

Sampling Height

7.3.8

2 meters = 0.2 meters

Ideally, the sampleinlet on a
continuous method would meet
this.

Perfor mance Specifications

Performance specifications for the FRM are largely associated with maintaining the flow
rate within an acceptable range and the operational conditions for which the instrument should be
capable of operating in. Most of the flow rate performance specifications for the FRM should be
applicable to continuous methods; however, the operational conditions for which an instrument
should be capable of operating in may or may not be applicable to any one continuous method.
Many of these performance criteria can be applied to a potential continuous method. Most of the
commercial vendors of PM continuous methods have already incorporated these performance
criteriainto their instruments. The table below describes the various performance specifications
for the FRM and their applicability to PM continuous methods. Also, where appropriate,
aternatives to the FRM performance specifications are offered:
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Performance Section of FRM gspecification | Applicability to Continuous
Specification Appendix L M ethods
Area
Sample Flow Rate 74.1 16.67 L/min measured | Generally applicable with the
as actual volumetric exception of any potential use of
flow rate at the nephelometers. Thisflow rateis
temperature and necessary if aPM,, size selective
pressure of the sample | inletisused aswell asfor most
air entering theinlet. second stage separators.
Leak Test 7.4.6 Providefor an Generally applicable.
Capability convenient external
leak test capability
Range of 7.4.7 Ambient Temperature- | Generally applicable as astarting
Operationd 30to+45C point for design of an instrument;
Conditions Ambient Relative however, some continuous
Humidity O to 100 instruments may need to be located
percent in an environmentally controlled
Barometric Pressure shelter in order to have operate
600 to 800 mm Hg correctly. Some instruments may
not meet all of these specifications
which may limit their use
geographically.
Ambient 7.4.8and 7.4.9 Capable of operating Applicable for the operation of the
Temperature and over the range of continuous instrumentsin the
Barometric operating conditions range of environmental conditions
Pressure Sensors: they will encounter.
Filter Temperature | 7.4.10 The sampler shall It is desirable to minimize the
Control provide ameansto temperature difference between
[imit the temperature the ambient air and the location
rise of the samplefilter | where sample are collected and
fromisolation and analyzed in a continuous method to
other sourcesto no provide for minimal volatilization
more than 5C abovethe | of PM; however, in some cases
temperature of the heating may be necessary dueto
ambient air surrounding | moisture interference or other
the sampler. reasons. Each potential continuous
method should be designed to
optimize this temperature
difference with respect to avoiding
moisture interference, PM
volatilization, and stable
measurement readings.
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Filter Temperature | 7.4.11 Capable of operating Generaly applicable. However,
Sensor over the range of may not always be necessary
operating conditions depending on the measurement
principle of the continuous
method.
Clock/timer system | 7.4.12 Capable of maintaining | Generally applicable.
local time and date
including year, month,
day of month, hour,
minute, and second to
an accuracy of £ 1.0
minute per month.
Outdoor 7.4.14 Suitableto protect the | Generally applicable for those
Environmental instrument instruments intended to be located
Enclosure outside. Not necessarily
applicable to those instruments
intended to be located in astation
trailer or other environmentally
controlled housing
Electrical Power 7.4.15 105t0 125 voltsAC Generally applicable.
Supply (RMS) at afrequency
of 59t0 61 Hz.
Data Output Port 7.4.17 Standard RS-232C The Standard RS-232C data output
Requirements connection can be utilized.

Additionally, it is strongly
encouraged to have aprovision for
an anal og output that can be
conveniently connected to atypical
datalogger utilized by ambient air
monitoring agencies. For example,
0-10mv, 0-100mV, 0-1V, 0-5V,
or 0-10V.
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Section 10. Linkageto national monitoring strategy

The EPA in partnership with it’s principal grantees; States, Local agencies and Tribes, are
formulating a national air monitoring strategy that strives to enhance the overall effectiveness of
major regulatory based monitoring efforts throughout the nation. The continuous PM monitoring
plan addressed here isamajor part of that strategy.

The monitoring strategy provides afuture direction for air quality networks throughout the
United States.  This direction incorporates knowledge acquired in air quality research and
management practices over the last two decades, and takes advantage of the existing infrastructure
of operating networks and monitoring agencies. The experience over the last 20 years suggests
three basic enhancements in national network design:

1) Promote multiple and collocated pollutant measurements to improve how we
diagnose cause effect phenomenain health effects and air pollution studies.

2) Improve regional scale air quality characterization to understand the linkage between
background and transport concentrations (regional, continental, global scales) as they
impact both rural and urban environments, an increasingly important need as the separation
between rural and urban air pollution levels continues to decrease.

3) accommodating new technologies to provide timely reporting of air quality
information to the public and to improve basic characterization of physical, chemical,
temporal and spatial composition of air quality.

Consistent with these enhancements, the strategy has identified needed improvements to the
monitoring program:

. characterization of hazardous air pollutants (HAPS);

. continuous particul ate matter monitoring;

. information transfer and delivery;

. integration across pollutant programs; and

. optimization of the existing criteria pollutant monitoring networks.

This continuous monitoring implementation plan details EPA’ s proposal to optimize the
PM components of the monitoring network. The broader vision for aPM network would use more
continuous operating samplers and fewer filter-based samplers than the current system. The
current PM, s network of approximately 1100 integrated samplers (FRMs) and 200+ continuous
samplers should evolve into a system of perhaps 700- 1000 PM, s samplers with a more even
distribution (e.g., 50-50) of integrated and continuous methods. The continuous methods must be
integrated to ensure data compatibility with the current FRM network. The challengein this
strategy is to maximize the benefit of continuous samplers by alowing continuous monitors to be
used for many applications including regulatory use.

Revision 2, June 21, 2002 Draft  10-1 Cont. Monitoring Imp. Plan



Section 11. Regulatory Changesand Schedule

There are anumber of federal regulations that are used to provide the framework for
ambient air quality monitoring. These regulations cover the sampling and analytical methods
used, how new methods are approved, quality assurance and control procedures, and basic
monitoring objectives for certain air pollutants. Technical information is provided in guidance
documents and through the Internet.

Specific Regulations to be Reviewed:

There are three main regulatory “Parts’ of the Code of Federa Regulations (CFR) that we
intend to modify. These regulations are all part of CFR Title 40 which deals with the
environment. Specifically:

40 CFR 50" Appendices: National Primary and Secondary Ambient Air Quality
Standards (NAAQS), Appendix L. Thisregulation provides us with the NAAQS and the
federal reference methods for measuring each air pollutant with an established standard.
We are NOT going to modify the national ambient air quality standards with this regulatory
review. Reviewsand, if needed, revisions of the NAAQS occur in separate formal
processes. We do want to review a portion of the minor requirements in the Appendix L
portion of this regulation which describes the reference method for measuring PM,s. The
overall reference method will not be modified; however, we do want to examine some of
the requirements for reporting supplementary data on the samplers' performance. We have
successfully completed two annual quality assurance reports on the PM, s FRM network
operation, and we believe that we can reduce the amount of supplementary data being
reported to EPA, specifically in TableL-1. Thisisasmall change; however, it may
provide somerelief to State, local, tribal, and other monitoring agencies data managers.

40 CFR 53 Ambient Air Monitoring Reference and Equivalent Methods. This
regulation provides air quality monitoring instrument manufacturers with the application
and testing requirements for reference and equivaent methods that must be followed in
order to have their sampler/analyzer approved for regulatory use. The EPA’s Office of
Research and Development (ORD) is currently responsible for these approvals. This
regulation describes the complexities of how new criteria pollutant methods can be
formally introduced into the ambient air monitoring network. EPA is a strong proponent of
this formal process given the policy and financial impact that decisions using data from
federal reference and equivalent methods can carry. We will review this regulation;
however, changesto it may or may not be taken in this package. The particulate matter
National Ambient Air Quality Standard is being reviewed separately by the EPA. This
separate process will also be used to promote continuous particul ate matter monitoring
technologies within our regulations.

The EPA’s ORD has established a Reference and Equivalent Method Board that includes
members from OAQPS and ORD. ThisBoard' s function has been to review new and
modified proposals for fine particulate matter monitoring candidate methods, and to
provide broader program input into the approval process. OAQPS proposes to expand the

"Regulations are cited in documents using the format “ Title## CFR Part#”.
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role for this Board to include identifying how to incorporate regional equivalency into the
existing reference and equivalent method testing program prior to any actual regulatory
change. This approach may need to take the form of apilot project initially. We will
also need to examine our regulatory authority for making such achange. Thereisa
precedent for approving regionally based equivalency within the particulate matter
program, specifically with the approval of the Oregon DEQ Med-Vol sampler. It will be
necessary to follow-up with any regional equivalency process with formal regulatory
changes to Part 53.

40 CFR 58 Ambient Air Quality Surveillance. Thisregulation isa primary focus of our
efforts to both incorporate new technologies and to provide data as outlined in the national
monitoring strategy. Nearly all data collection and reporting requirements, all the quality
assurance requirements, the NAAQS pollutant network design criteria, the air quality index
reporting, and annual data certification requirements are included within this regulation.
This regulation describes how the Clean Air Act air monitoring authority has been
interpreted and implemented by the EPA and our State and local agency partnersfor air
pollutants with established NAAQS. Tribal agencies are not regulated under this
provision; however, the technical requirements within should be familiar to any tribal
agency that plans to conduct monitoring.

We expect to change the 40 CFR 58 regulations to alow more flexibility in designing the
particul ate matter monitoring network. One of these changes would include modifying the
existing correlated acceptable continuous (CAC) particulate matter monitoring approach to
allow for a more network-based approach rather than only the site-by-site approach as
defined currently. The original CAC provisions were developed prior to the full
deployment of sequential federal reference methods (FRMs) for fine particles as away to
provide sampling frequency relief from daily sampling. Since the sequential FRMs have
been available and are working, the CAC provision has largely been ignored by air
monitoring agencies. EPA will modify this provision so that it will provide a better
mechanism for incorporating continuous particle monitors into the network.

Participantsin the Regulatory Review

We have solicited input from a variety of parties for this regulatory review process.
Through the larger air monitoring strategy, we have created a National Monitoring Strategy
Committee that is providing advice and recommendations for the national air monitoring program.
Some of these recommendations will be redlized only after regulatory change has taken place. The
NM SC has been discussed in section 10 of this document.

We have a so created three separate work groups, one each for the subjects of regulatory
review, quality assurance, and technology. These work groups were established to make some
concrete progress on the program changes needed to realize the national monitoring strategy goals.
The quality assurance group will provide recommendations for changes to the quality assurance
provisions of the monitoring regulations as well as al existing quality assurance practices; and the
technology work group will make recommendations for use in the methods sections of the
regulations and in technical guidance used by monitoring agencies. The regulatory review work
group must take information from all of these parties, in addition to the NMSC and the work
group’s own recommendations, and develop an appropriate regulatory package.

The NMSC and the three work groups include representatives from the EPA OAQPS, the
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ten EPA Regiona Offices, State agencies, local agencies, and tribal governments. All regulatory
changes will undergo public review and comment inherent within the regulatory modification
process. EPA will also work through existing mechanisms such as the STAPPA/ALAPCO
Monitoring Committee and the Standing Air Monitoring Work Group (SAMWG) to communicate
with stakeholders on these regulatory changes.

Schedule

The National air Monitoring Strategy identifies the need to review and revise the federal
monitoring regulations in order to create an air monitoring system that is responsive to current and
emerging environmental data needs. Along with avariety of topics, we intend to review and
modify these regulations to incorporate more continuous particle techniques. The proposed
monitoring strategy regulatory changes are being incorporated into the PM NAAQS review and
this schedule reflects this merging of rule-making actions.

Key Milestones (later milestones are subject to change):

October - NM SC recommendations on the national network.

October 23-25, 2001 - Monitoring Strategy Workshop

December 2002 - Draft rule-making language prepared for work group review.
June 2003 - Proposal in the Federal Register

July-September 2003 - Public comment period

October - December 2003 - Review public comments, prepare responses
January 2004 - Final regulatory package published in Federal Register
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Section 12. Summary of Issuesand Action Items

This document serves as a bridge between concepts for integrating continuous PM monitors

presented at meetings with the Clean Air Science Advisory Committee' s Subcommittee on Particle
Monitoring in January, 2001 and January, 2002 and comprehensive guidance for monitoring
agencies. There remain numerous details not addressed at this time that should be addressed to
ensure a satisfactory outcome. These issues and other areas of concern include:

C

Complex program. The concepts and elements incorporated in this plan are singularly
and collectively complex therefore creating a communications challenge. Other
approaches were considered, but the potential drawbacks of a simplistic approach were
not acceptable. That is, it would have been easy to develop arigorous non-flexible
program easily communicable but conveying little motivation for deployment. Similarly, a
program without constraints would likely compromise data quality and interpretability.
Thus, a decision was made to accommodate both flexibility and data comparability at the
expense of developing and communicating a complex program.

Rescinding REM certification based on future poor performance. The REM program
is based on demonstrating an acceptable level of comparison between FRM and continuous
samplers. Thisrelationship may change as aresult of aimospheric changes dueto
deployment of emission mitigation strategies. Guidance, albeit complex, will alow for a
non static relationship. Nonetheless, this potential for aerosol change will require iterative
evaluation of instrument performance that is likely, in some instances, to show that a
previously approved REM fails performance goals.

Developing and approving regional equivalent domains. Theinformation in this
document can be applied in a somewhat straightforward manner for approving an
instrument for CAC or REM purposes at an individual site. The larger goal isto broaden
this acceptance to a*“region” where the meteorological and aerosol composition
characteristics exhibit consistent behavior and hence throughout which the continuous and
FRM methods exhibit ssimilar relationships. Regionality is further complicated by
administrative and demographic issues (e.g., multiple monitoring agenciesand State
boundaries intersecting within agiven “region”). To simplify implementation, the
proposal in this document is to start with approval across an entire State. Multiple States
may seek approval in acoordinated effort or a State may need to be broken down into
smaller sub-domains. Geo-political boundaries can have the have the advantage of a
consistently implemented monitoring program (One state monitoring agency having
oversight for all monitoring operations within that state); however, regions of performance
are more likely associated with the homogeneity of the aerosol encountered. This may be
larger or smaller than the domain of a state.

Reliance on FRM measurements as an indicator. The underlying approaches require
comparability of continuous and FRM measurements. The reason for thisis that so many
objectives relate to the FRM measurement (e.g., NAAQS comparisons, AQI, air quality
model application). In many instances, there is no technical reason to expect
comparability between disparate measurement approaches. Such comparability is desired
given the utility of relating continuous measurements to a wealth of existing FRM data and
to incorporate areference marker. The downside of this approach is that the value of an
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FRM measurement is assumed or inferred to be greater than that of a candidate method,
when in some cases the candidate method may better reflect “true” characteristics of an
aerosol.

C Specific Guidance on Performance Specifications. Sections 5 - 8 introduce
performance specifications for bias, precision, and correlation but several specific details
are not addressed. For example, how is bias measured? What is the statistic aswell as
what is the source of the datato be used in the statistic? Are bias estimates based only on
existing collocated instruments or is an independent audit required? How are bias and
precision treated on aregional basis, does the failure of one site constitute failure for a
region, or are al estimates averaged across aregion? What is the appropriate frequency
for checking bias and precision? These unique considerations warrant development of a
dedicated Quality Assurance program for CAC and REM applications.

C I ntegrating Correlation with the PM2.5 DQOs. Section 6 presented an initia attempt to
identify correlation criteriafor CAC and REM. The basis for the correlation criteria
presented includes. evaluation of the existing network; expected sample size for ayears
worth of data at aroutine site; identification of adesired true underlying correlation, and
selection of tolerable error rates. At thistimeit is not known how integrating a correlation
criteriawould affect the PM2.5 DQO’s. More work will need to be performed to integrate
correlation with the PM2.5 DQO’s.

C Data interpretation and management. Transformed data are to be submitted to AIRS.
How do analysts gain access to raw non-transformed data? Transformation models are
based on 24-hr comparisons, yet transformed data will be reported continuously, which
may create odd resultsin discrete hourly reporting. Coding specifications for CAC and
REM need to be devel oped.

C Demonstration of performance. The bias and precision estimates are based on existing
network performance. Thisimplies that the testing to meet such specifications should be
conducted under conditions consistent with routine operations. This approach should not
be interpreted as excluding desired vendor participation. Responsibilities for conducting
testing, developing transformations and communicating performance results requires further
effort.

C Consistency with FEM. The current Class 111 equivalency requirements appear to be
more gtrict than what a FRM can meet. That is, the imprecision in the FRM is such that the
correlation requirement can not be met, not because of the challenging instrument, but
because of the instrument being used as the standard. This inconsistency needsto be
addressed. In doing so, it may make it possible for an instrument to acquire a Class 11
equivalency. Work will be initiated to evaluate the necessary performance criteriafor
national Federal Equivaency based upon a DQO approach.
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